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INTRODUCTION 


Polyurethane  foam  (PUF)  roofing  systems  have  been  used  more  fre¬ 
quently  over  the  past  decade,  not  only  in  the  private  sector  but  also  at 
Naval  shore  bases.  However,  as  with  any  new  material,  problems  have 
occurred.  When  these  roofing  systems  were  first  introduced,  mistakes 
were  made  in  their  specification  and  application.  Frequently,  the  roofs 
were  installed  and  forgotten  (i.e.,  there  was  no  inspection  and  preventive 
maintenance  program) .  Both  of  these  factors  led  to  many  problems  and  a 
consequent  high  rate  of  failure. 

PUF  degrades  when  exposed  to  sunlight  and  must  be  protected  by  a 
suitable  elastomeric  coating  system.  If  the  elastomeric  coating  is 
applied  too  thin,  is  subjected  to  excessive  mechanical  damage,  or  has 
weathered  excessively,  it  tends  to  spall  or  flake  from  the  substrate, 
exposing  the  foam.  When  this  happens,  the  surface  must  be  recoated  as 
soon  as  possible.  If  this  is  not  done,  the  roofing  system  deteriorates 
and  eventually  fails  as  a  result  of  ultraviolet  (UV)  degradation  and 
water  absorption  into  the  degraded  foam. 

At  some  point  in  time,  generally  6  to  12  years  after  application, 
the  elastomeric  coating  systems  will  weather  (age)  to  the  point  where 
maintenance  is  required  to  provide  continued  protection  to  the  foam. 

When  properly  applied  and  protected,  PUF  should  perform  its  required 
function  as  a  roofing  system  for  a  minimum  of  20  years.  With  the  high- 
quality  elastomeric  coating  systems  that  are  currently  available,  it 
should  be  possible  to  obtain  20  years  of  service  with  only  one  recoating. 
Even  higher  quality  coating  systems  are  under  development,  and  it  is 
anticipated  that  some  of  these  may  perform  well  for  the  entire  20-year 
period.  These  life  expectancies  are  predicated  on  an  annual  inspection 
and  preventive  maintenance  schedule  during  which  minor  repairs  are  made. 
Without  annual  preventive  maintenance,  it  is  anticipated  that  the  normal 
PUF  elastomeric  coating  systems  will  perform  for  6  to  10  years.  With 
annual  preventive  maintenance,  the  life  expectancy  should  be  8  to  12  years 
before  recoating  is  required. 

While  there  are  numerous  procedures  and  materials  currently  available 
for  maintaining  built-up  roofing  (BUR)  systems,  there  are  no  standardized 
procedures  for  maintaining  PUF  roofing  systems.  The  actual  procedures 
employed  are  determined  by  the  knowledge  and  ingenuity  of  the  individual 
contractor.  The  objective  of  this  research  is  to  (1)  investigate  existing 
maintenance  procedures  for  PUF  roofs;  (2)  develop  new  maintenance  procedures, 
materials,  and  methods  for  PUF  roofs;  and  (3)  standardize  the  best 
procedures  for  Navy  use.  This  report  siumnarizes  the  research  that  was 
carried  out  on  maintenance  of  PUF  roofing  systems  and  provides  preliminary 
guidelines  (see  Appendix)  for  properly  maintaining  these  roofing  systems. 


BACKGROUND 


Over  the  past  15  to  20  years,  maintenance  of  roofs  and  roofing 
systems  has  become  an  ever-increasing  problem.  The  problem  with  BUR 
systems  has  been  compounded  by  changes  in  the  composition  of  bitumen  and 
felts,  by  material  shortages,  by  poor  workmanship,  and  by  other  factors 
that  lead  to  poor  performance  and  short  service  life  of  these  waterproof¬ 
ing  systems.  This  problem  was  emphasized  by  an  Air  Force  report  that 
BUR  systems  designed  for  a  20-year  life  are  performing  an  average  of 
12  years  (Ref  1).  According  to  the  National  Bureau  of  Standards  (NBS), 
about  15%  of  BUR  systems  fail  within  5  years  after  construction,  and 
indications  are  that  within  the  Department  of  Defense  (DOD)  the  rate  of 
failure  is  even  higher.  Part  of  the  shortened  service  life  must  be 
attributed  to  a  lack  of  proper  maintenance  procedures  and  funding  for 
roof  maintenance  programs.  The  best  information  available  indicates 
that  the  annual  maintenance  cost  for  roofs  at  Naval  shore  activities  is 
over  $25  million. 

Because  of  the  increasing  seriousness  of  the  roof  maintenance 
problem,  the  Naval  Civil  Engineering  Laboratory  (NCEL)  was  tasked  by  the 
Naval  Facilities  Engineering  Command  (NAVFAC)  to  investigate  roofing 
systems  under  YF54.593 .01 1 .01 .001 ,  "Investigation  of  Roofing  Systems  for 
Maintenance  of  Naval  Shore  Structures."  (The  work  is  currently  being 
conducted  under  Y0995-01-004-610,  "Roofing  Inspection  and  Maintenance.") 

This  research  was  to  be  directed  toward  all  areas  of  roofing  problems. 

The  objective  of  the  investigation  was  to  provide  a  significant  reduction 
in  maintenance  costs  for  roofing  systems  at  Naval  shore  bases  by  defining 
existing  problems  and  identifying  conventional  and  new  materials  and 
methods  that  might  eliminate  or  alleviate  these  problems.  An  extensive 
survey  of  Naval  shore  bases  was  conducted  in  different  climatic  areas  to 
define  and  delineate  the  most  recent  roofing  problems  (Ref  2) . 

The  experimental  program  was  to  cover  a  broad  spectrum  of  roofing 
problem  areas  that  were  either  known  or  would  be  delineated  by  the 
roofing  survey.  In  pursuing  this  aspect  of  the  program,  funds  were 
provided  to  NBS  to  provide  a  state-of-the-art  report  on  the  effect  of 
moisture  on  BUR  (Ref  3).  In  addition  to  this  contractual  effort, 
support  was  also  provided  to  the  U.S.  Bureau  of  Reclamation  (USBR) 

Research  Laboratories  to  aid  in  the  preparation  of  a  report  on  an 
extensive  research  effort  that  USBR  had  conducted  earlier  on  new  roofing 
systems  (Ref  4) . 

Early  in  the  NCEL  roofing  research  program,  NAVFAC  requested  that 
the  Laboratory  cooperate  with  the  Northern  Division  of  NAVFAC  (N0RTHNAVFAC) 
to  develop  and  carry  out  an  experimental  field  investigation  of  spray- 
applied  PUF  roofing  systems  at  the  Naval  Reserve  Center  (NRC),  Clifton,  N.J. 
Reports  of  that  investigation  are  presented  in  References  5  and  6. 

Because  of  the  requirement  to  assist  in  the  development  of  plans  for  the 
experimental  field  investigations  of  PUF  roofing  systems  at  NRC  Clifton, 
the  original  experimental  roofing  investigations  at  NCEL  were  directed 
toward:  (1)  PUF  roofing  materials,  and  (2)  coatings  for  protecting  the 
PUF  from  weathering.  This  resulted  in  an  interim  report  describing 
experimental  weathering  and  laboratory  studies  of  these  relatively  new 
roofing  materials  (Ref  7). 

Since  this  initial  work,  much  has  been  learned  about  these  materials, 
their  proper  specification,  and  proper  application.  The  industry  has 
advanced,  and  much  needed  guidance  is  available  to  provide  background 


information  on  materials  and  procedures  necessary  to  obtain  a  good, 
long-lasting  foam  roofing  system.  Current  guidelines  for  the  design, 
specification,  and  installation  of  PUF  roofing  systems  are  available  in 
NCEL  publications  (Ref  8  and  9)  and  Urethane  Foam  Contractors  Association 
(UFCA)  publications  (Ref  10).  These  guidelines  can  be  used  until  Navy 
Facility  Guide  Specification  NFGS-07545,  "Sprayed  Polyurethane  Foam  for 
Roofing  Systems"  (pending),  is  issued.  Navy  Type  Specification  TS-07540 
covers  the  use  of  silicone  rubber  coatings  for  protecting  PUF.  This 
type  specification  is  scheduled  for  revision  and  updating  in  the  near 
future  and  should  also  include  catalyzed  urethane  coatings.  As  a  result 
of  NCEL's  experience  with  PUF  roofing  systems,  the  initial  maintenance 
effort  was  directed  toward  these  unique  materials. 

SCOPE  OF  WORK 

A  study  of  roof  maintenance  procedures  used  by  contractors  indicated 
that  the  most  frequently  used  method  of  foam  repair  is  to  broom  the 
coated  PUF  roof,  air  blow*  to  remove  dirt  and  deteriorated  coating,  and 
recoat  with  a  suitable  coating.  This  procedure  involves  the  least 
amount  of  effort  and  is  the  least  expensive.  Brooming  is  frequently  a 
satisfactory  maintenance  procedure  as  long  as  a  large  percentage  of  the 
existing  coating  is  intact  and  little,  if  any,  degraded  foam  is  exposed. 

A  more  radical  procedure  consists  of  complete  removal  and  reapplication 
of  the  PUF  roofing  system.  This  is  only  necessary  when  the  existing  PUF 
is  so  badly  degraded  that  it  no  longer  serves  its  proper  function  as  a 
roofing  system. 

In  between  these  two  extremes,  there  are  several  other  possible 
procedures.  Procedures  investigated  in  this  study  include  the  following: 

1.  Broom  the  existing  surface  and  recoat  with  a  suitable  elastomeric 
coating  system.  This  is  a  minimum  procedure. 

2.  Broom  the  existing  surface,  prime,  and  recoat  with  a  suitable 
elastomeric  coating  system.  Priming  may  be  required  to  provide  proper 
bonding  of  the  elastomeric  coating  or  to  stabilize  a  weathered  foam 
surface. 

3.  Broom  the  existing  surface,  apply  a  new  lift  of  foam,  and  coat 
with  a  suitable  elastomeric  coating  system  (as  with  a  new  foam  roof) . 

4.  Broom  the  existing  surface,  prime,  apply  a  new  lift  of  foam, 
and  coat  with  a  suitable  coating  system.  Priming  may  be  required  to 
obtain  a  good  bond  between  the  foam  and  the  existing  roof  surface. 

5.  Shave  or  sand  the  existing  surface  to  remove  bad  coating  and 
foam  (until  only  good-quality  foam  remains).  Blow  off  or  vacuum  all 
dust,  and  coat  with  a  suitable  elastomeric  coating  system  or  prime  and 


^Whenever  the  foamed  roof  surface  is  broomed,  any  loose  residual  dirt 
is  blown  off  with  compressed  air  that  is  free  of  oil  and  water. 
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coat  with  a  suitable  coating  system.  Priming  may  be  required  to  obtain 
proper  bonding  of  coating  to  foam  or  to  stabilize  the  sanded  foam 
surface. 

6.  Shave  or  sand  the  existing  surface  to  remove  bad  coating  and 
foam  (until  only  good-quality  foam  remains).  Blow  off  or  vacuum  all 
dust,  apply  a  new  lift  of  foam,  and  coat  with  a  suitable  elastomeric 
coating  system,  or  prime,  apply  a  new  lift  of  foam,  and  coat  with  a 
suitable  elastomeric  coating  system.  Priming  may  be  required  to  provide 
a  better  bond  between  the  new  foam  and  the  sanded  foam  surface  or  to 
encapsulate  any  remaining  dust. 

All  of  these  procedures  were  investigated  to  disclose  their  limita¬ 
tions  and  to  determine  which  are  most  effective  under  different  prevailing 
roof  conditions.  It  is  expected  that  the  choice  of  maintenance  method 
for  any  given  roof  will  be  dictated  by  the  condition  on  that  particular 
roof  at  the  time.  At  times,  two  or  more  methods  might  be  required  on  a 
roof  to  obtain  the  most  effective  results. 

In  addition  to  the  maintenance  procedures  mentioned  above,  localized 
roof  repairs  may  be  required.  For  instance,  small  areas  up  to  10  ft2  of 
poor-quality  or  water-saturated  foam  may  need  replacement.  This  type  of 
repair  is  easily  accomplished  by  removing  the  bad  foam  and  replacing  it 
with  new  foam  applied  either  by  a  foam  spray  unit  or  by  using  single-  or 
two-package  "canned"  foam  units. 

Annual  preventive  maintenance  procedures  should  extend  the  effective 
life  of  PUF  roofs.  Techniques  and  materials  for  performing  this  annual 
maintenance  are  included  in  this  investigation.  Finally,  some  of  the 
elastomeric  coatings  used  on  foam  may  present  special  problems  when  they 
require  recoating;  this  aspect  was  investigated. 

EXPERIMENTAL  INVESTIGATIONS 

Research  directed  toward  development  or  selection  of  optimum  main¬ 
tenance  methods  for  PUF  roofing  systems  was  conducted  both  in  the 
laboratory  and  in  the  field.  To  provide  weathered  PUF  roof  test  panels 
on  which  to  perform  experiments,  1-1/2  inches  of  Witco  SS-0125A/SS-0126B 
foam  (3-pcf  density)  was  spray-applied  to  eight  4-  by  8-foot  sheets  of 
1/2-inch  plywood.  The  foam  was  coated  with  one  of  the  following  materials 

•  TT-P-95,  Type  1,  a  rigid  chlorinated  rubber  coating  normally 
used  for  exterior  concrete  and  masonry  (three  panels) 

•  TT-P-19,  an  acrylic  latex  coating  normally  used  for  exterior 
wood  or  masonry  (two  panels) 

•  TT-P-29,  a  latex  coating  for  interior  surfaces  (three  panels) 

These  particular  coatings  were  selected  because  they  had  been  used 
unsuccessfully  on  PUF  roofs  at  several  Naval  activities  before  it  was 
recognized  that  elastomeric  coatings  are  required  to  accommodate  the 
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large  expansions  and  contractions  experienced  by  PUF  roofs.  The  rigid 
coatings  applied  over  PUF  roofs  at  field  activities  had  failed  from 
6  months  to  2  years  after  application.  The  eight  panels  coated  with  the 
three  systems  listed  above  were  placed  on  outdoor  exposure  racks  at 
NCEL's  experimental  weathering  site  at  the  Naval  Weapons  Center  (NWC), 
China  Lake,  C..lif.* 

Unfortunately,  these  coating  systems  performed  better  on  the 
4-  by  8-foot  test  panels  than  on  roofs  at  the  other  locations.  After 
19  months  of  field  exposure,  only  three  of  the  eight  panels  (TT-P-95 
coated)  had  deteriorated  sufficiently  to  be  included  in  the  maintenance 
research  study  at  that  time.  The  other  five  panels  were  transferred  to 
the  NCEL  marine  weathering  site  at  Port  Hueneme,  Calif.  Since  the 
research  could  not  be  delayed  until  the  4-  by  8-foot  panels  were  ready, 
another  approach  was  taken  and  the  work  was  divided  into  five  phases  as 
shown  below. 

Phase  1  -  Maintenance  of  Four  Failed  Test  Panels  of  PUF  Systems  Taken 
From  Each  of  Three  Experimental  Sites  (12  Panels  Total) 

In  order  to  proceed  with  the  initial  investigation  as  soon  as 
possible,  it  was  decided  to  utilize  PUF  roofing  system  panels  that  were 
included  in  another  portion  of  the  NCEL  roof  research  program.  Four  of 
the  systems  described  in  Reference  2  and  exposed  at  each  of  the  three 
NCEL  experimental  weathering  sites  had  either  failed  or  were  nearing 
failure  after  varying  periods  of  exposure.  These  12  systems  and  their 
conditions  are  listed  in  Table  1  and  shown  in  Figures  la,  lb,  lc,  and 
Id.  A  study  of  these  figures  shows  that  the  condition  of  the  systems 
varied  considerably,  due  both  to  the  different  generic  types  and  to  the 
particular  exposure  site  at  which  the  systems  were  exposed.  However, 
all  12  systems  were  considered  to  be  in  need  of  maintenance  and  were 
used  in  the  investigation.  The  variation  in  the  sample  condition  aided 
the  study  in  permitting  the  use  of  several  of  the  procedures  listed 
under  the  SCOPE  OF  WORK  section. 

As  with  many  other  systems,  proper  surface  preparation  is  the  most 
important  consideration  in  the  maintenance  of  PUF  roofing  systems.  If  a 
deteriorated  PUF  roof  surface  is  improperly  prepared,  it  is  highly 
unlikely  that  any  maintenance  procedure  will  be  effective.  As  noted  in 
the  SCOPE  OF  WORK  section,  many  different  procedures  for  cleaning  the 
PUF  coating  or  otherwise  preparing  the  PUF  roof  surface  are  included  in 
the  investigation  in  order  to  determine  their  relative  effectiveness. 
These  procedures  involve  tools  or  equipment  for  brooming,  shaving,  and 
sanding  a  degraded  PUF  roof  surface.  The  different  types  of  brooming 
equipment  included  in  the  overall  investigation  are  shown  in  Figure  2. 
All  of  these  except  the  long-bristled,  heavy-duty  push  broom  were  used 


*NCEL  has  experimental  weathering  sites  at  the  following  locations: 

(1)  NCEL  (marine  weather);  (2)  NWC,  China  Lake,  Calif,  (desert  site); 
and  (3)  Marine  Corps  Mountain  Warfare  Training  Center  (MCMWTC),  Pickel 
Meadows,  Calif,  (cold  weather  site). 
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in  the  Phase  1  brooming  operations.  The  equipment  investigated  for 
sanding  and  shaving  is  shown  in  Figures  3a  and  3b.  The  sander  is  a 
heavy-duty,  electrical  disk  sander,  while  the  shaver  is  a  24-inch  foam 
plane  manufactured  by  Gusmer  Corporation  for  shaving  foam  applied  between 
studs  in  a  wall.  A  similar  piece  of  equipment,  Quick  Plane  2116,  manufac¬ 
tured  by  Grand  Rapids  Scarfer  Company,  has  recently  been  received  and 
will  be  tested  in  the  near  future.  The  only  other  known  equipment 
marketed  specifically  for  shaving  or  preparing  deteriorated  PUF  roofing 
surfaces  is  also  marketed  by  the  Grand  Rapids  Scarfer  Company.  This 
heavy-duty  piece  of  equipment  may  be  too  heavy  for  use  on  many  conven¬ 
tional  roof  decks. 

The  procedures  and  materials  used  for  maintaining  the  12  deterio¬ 
rated  systems  and  their  new  system  numbers  are  given  in  Table  2.  The 
reconditioned  PUF  roofing  systems  were  coated  or  recoated  with  a  two- 
component  (catalyzed)  urethane  elastomer  applied  in  two  coats.  B<~'  the 
black  base  coat  and  the  oyster  white  topcoat  were  applied  at  the  _e  of 
1-1/2  gal/100  ft2  to  give  an  estimated  total  dry  film  thickness  < 

30  mils. 

The  experimentally  maintained  PUF  panels  of  Phase  1  have  be 
exposed  at  the  Port  Hueneme  site  for  about  5  years.  Photomacrog  p’  of 
the  maintained  surfaces  were  taken  initially  and  periodically  as 
systems  weathered  until  the  samples  mentioned  below  were  cut.  Only  one 
panel  of  each  of  the  systems  was  prepared  and  exposed  initially.  Because 
of  this,  samples  were  not  cut  from  these  specimens  for  adhesion  testing 
until  they  had  been  exposed  for  about  2  years,  and  approximately  on  an 
annual  basis  thereafter.  The  performance  of  each  of  the  treatments  was 
also  rated,  generally  on  an  annual  basis.  After  4  years  of  weathering, 
additional  small  samples  were  cut  from  samples  7F-1  and  8F-1.  During 
the  maintenance  procedure  both  were  sanded  to  good-quality  bare  foam, 

8F-1  was  primed,  and  both  were  then  refoamed.  These  samples  were  taken 
to  determine  if  use  of  a  primer  improved  the  bonding  character  of  the 
new  foam  to  the  old  foam. 

Phase  2  -  Maintenance  of  12  Coated  and  8  Uncoated  PUF  Test  Panels 


Each  of  the  three  4-  by  8-foot  foamed  panels  coated  with  TT-P-95 
were  cut  into  four  equal  sizes  of  2  by  4  feet.  The  TT-P-95  showed 
mudcracking,  crazing,  flaking,  and  line  cracking.  In  addition,  foam  had 
been  spray-applied  to  eight  2-  by  4- foot  plywood  panels  that  had  been 
allowed  to  weather  uncoated  until  the  foam  surfaces  had  degraded.  These 
eight  uncoated  panels  were  used  in  surface  preparation  studies  involving 
sanding.  In  all,  20  test  panels  were  used. 

All  six  of  the  experimental  maintenance  procedures  were  included  in 
this  phase  of  the  investigation.  The  procedures,  equipment,  and  materials 
employed  in  this  phase  are  listed  in  Table  3  for  each  of  the  maintained 
PUF  systems.  The  coating  system  used  with  this  group  of  panels  was 
Diathon,  an  acrylic  latex  elastomer  applied  in  two  coats  at  1-1/2  gal/ 

100  ft2/coat  (30  mils  wet  film  thickness  per  coat).  The  degraded  surfaces 
(TT-P-95)  of  syst  ms  9F-1,2  and  10F-1,2  were  thoroughly  broomed  with  a 
rattan  push  broom  (Federal  Specification  H-B-71).  The  surfaces  (TT-P-95) 
of  systems  11F-1,2  through  14F-1,2  were  brushed  with  the  two  hand  brushes 
(such  as  a  GI  brush)  shown  in  Figure  2  to  determine  the  relative  cleaning 
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effectiveness  of  brooming  and  brushing.  The  degraded  uncocted  foam 
surfaces  of  systems  15F-1,2  through  38F-1,2  were  sanded  with  a  heavy-duty 
disk  sander  to  remove  all  degraded  material,  exposing  a  good-quality 
sanded  foam  surface.  Following  the  surface  conditioning,  all  loose  foam 
material  and  dust  were  removed  by  blowing  the  surface  with  an  air  hose. 
Duplicate  panels  of  each  of  the  maintenance  systems  were  prepared  for 
Phase  2,  and  all  panels  have  been  exposed  at  the  Port  Hueneme  site  for 
about  4  years.  A  small  section  of  each  of  the  duplicate  panels  was 
removed  periodically  and  returned  to  the  laboratory  to  determine  perfor¬ 
mance  characteristics.  Physical  properties,  such  as  coating  and  foam 
adhesion  over  unprimed  and  primed  surfaces,  were  determined  annually. 

These  characteristics  are  described  in  Reference  7.  In  addition, 
photomacrographs  were  taken  initially  and  at  6-  to  12-month  intervals  as 
the  systems  weathered,  and  the  systems  were  inspected  and  rated  annually. 

Phase  3  -  Maintenance  of  Family  Housing  Roofs  at  the  Naval  Air  Station 
(NAS),  Lemoore,  Calif. 

NAS  Lemoore,  Calif.,  had  foamed  the  roofs  of  about  108  of  their 
family  housing  units  in  the  late  1960s.  These  were  flat-roofed  units 
that  had  built-up  roof  (BUR)  systems  that  were  leaking.  Since  the  roof 
decks  were  nearly  level,  the  gravel  was  removed  from  the  BUR  and  a 
course  of  lightweight  concrete  was  added  to  provide  slope.  The  roofs 
were  then  foamed  with  3/4  to  1  inch  of  2-lb/ft3  density  foam  and  coated. 

The  housing  unit  roofs  were  foamed  in  two  different  groups,  with  a 
different  coating  system  used  in  each  group.  One  of  these  coatings  was 
an  aluminum  asphalt;  records  were  not  available  to  determine  the  generic 
type  of  the  second  coating  system.  In  any  event,  it  did  not  appear  to 
be  elastomeric. 

Considering  that  these  roofs  were  7  to  8  years  old  when  inspected 
by  NCEL  personnel  m  1977,  the  coated  foam  was  in  relatively  good  condition 
overall.  The  coating  had  spalled  from  the  foam  in  a  number  of  small 
areas  on  each  housing  unit  roof,  permitting  the  foam  to  degrade.  However, 
degradation  was  limited  to  the  surface  of  the  foam  and  had  not  progressed 
to  any  appreciable  depth  into  the  foam.  Scraping  the  degraded  foam  with 
a  knife  blade  uncovered  good-quality  foam  a  short  distance  beneath  the 
surface.  In  addition,  a  number  of  small  blisters  approximately  4  to 
6  inches  in  diameter  were  evident  between  lifts  on  many  of  the  roofs. 

The  blisters  were  probably  caused  by  perspiration  dropping  from  the  foam 
applicators  on  one  lift  of  foam  as  the  next  lift  was  being  applied. 

Station  personnel  did  not  want  to  remove  the  old  foam  because  this 
operation  might  affect  the  integrity  of  the  lightweight  concrete.  As  a 
result  it  was  recommended  that  degraded  coating  and  foam  be  removed  by 
shaving  or  sanding,  the  exposed  foam  surface  primed,  and  1-1/2  inches  of 
new  foam  applied  and  protected  with  an  acceptable  elastomeric  coating 
system  with  granules.  The  contract  specifications  were  prepared  according 
to  this  recommendation. 

The  roofs  were  refurbished  in  the  fall  of  1977  in  accordance  with 
the  contract  specifications  mentioned  above.  The  degraded  foam  and 
coating  on  most  of  the  roofs  were  removed  with  a  heavy-duty  disk  sander 
(see  Figure  4).  The  blisters  mentioned  above  were  removed  in  a  similar 
manner.  With  the  remainder  of  the  roofs,  the  sanding  disks  tended  to 


clog  when  removing  the  coating.  As  a  result,  it  was  necessary  to  use  a 
BUR  spudding  machine  to  remove  the  coating  and  a  small  amount  of  the 
foam.  Since  this  left  a  very  rough  surface,  the  remaining  foam  was 
sanded  lightly  to  give  a  surface  similar  to  that  obtained  when  disk 
sanding  only  was  used. 

After  the  sanding  was  completed,  all  loose  foam  and  dust  were  blown 
from  the  roof  with  an  air  hose,  and  the  existing  foam  was  given  a  tiecoat 
of  hydrocarbon  primer  used  principally  to  assure  good  bonding  between 
old  and  new  foam.  Following  the  priming,  an  additional  1-1/2  inches  of 
new  foam  (3-lb/ft3  density)  was  applied  (Figure  5).  Then  a  catalyzed 
urethane  was  applied  in  three  coats,  with  each  coat  applied  at  the  rate 
of  1  gal/100  ft2.  Mineral  roofing  granules  were  broadcast  into  the  wet 
topcoat  at  the  rate  of  50  lb/100  ft2.  The  dry  film  thickness  of  the 
coating  was  approximately  30  mils.  An  overview  of  a  finished  roof  is 
shown  in  Figure  6. 

As  the  work  at  NAS  Lemoore  progressed,  an  attempt  was  made  to 
incorporate  several  of  the  six  NCEL  maintenance  procedures  into  the 
program.  Procedure  No.  6  (i.e.,  sand,  prime,  foam,  and  coat)  was  being 
used  on  most  of  the  housing  units  by  the  contractor.  However,  by  the 
time  the  contractor  had  agreed  to  try  some  of  the  other  procedures, 
there  were  only  two  roofs  left  to  complete.  As  a  result,  only  procedure 
No.  6  was  included.  In  general,  the  work  progressed  well,  resulting  in 
satisfactorily  maintained  roofing  systems. 

Phase  4  -  Test  and  Evaluation  of  Repair  Methods  for  Small  Areas  of  PUF 
Systems  at  the  Naval  Reserve  Center  (NRC) ,  Clifton,  N. J, ,  and  NCEL 
Test  Sites 

The  first  three  phases  of  the  investigation  described  above  were 
directed  toward  maintenance  of  the  entire  deteriorating  PUF  roofing 
system.  Many  times  only  small  areas  of  a  foam  roof  (i.e.,  1  to  10  ft2) 
require  maintenance.  These  usually  occur  when  there  is  some  deficiency 
in  the  quality  of  the  foam  caused  by:  (1)  the  two  components  of  the 
foam  being  off  ratio  when  dispensed,  (2)  the  foam  sustaining  mechanical 
damage  following  application,  or  (3)  the  foam  becoming  wet.  In  such 
cases,  it  is  generally  necessary  to  remove  the  affected  foam  down  to  the 
roof  deck,  refoam,  and  coat  the  newly  foamed  patch.  When  PUF  spray 
equipment  is  available,  patching  of  small  areas  presents  few  problems. 
However,  if  proper  equipment  and  trained  personnel  are  not  available, 
other  procedures  must  be  used.  This  phase  of  the  investigation  was 
directed  toward  the  small  patch  repair. 

As  noted  above,  with  foam  spray  equipment  and  experienced  personnel, 
patching  repairs  are  simple  and  easy.  Such  repairs  are  described  in 
Reference  5,  where  approximately  15  to  20  ft2  of  spongy  foam  was  removed 
from  the  test  roofs  at  NRC  Clifton,  N.J.,  replaced  with  new  foam,  and 
coated.  This  provided  a  monolithic  roofing  system  that  would  perform 
the  same  as  a  new  roofing  system. 

The  patching  investigation  on  the  test  roofs  at  Clifton,  N.J.,  was 
initiated  for  two  reasons.  First,  as  noted  in  Reference  5,  birds  had 
removed  from  1-1/2  to  2  ft2  of  foam  from  beneath  the  coating  near  the 
gravel  stops.  Second,  it  was  necessary  to  remove  samples  of  1  ft2  of 
foam  from  each  of  the  five  PUF  roofing  systems  at  the  Clifton  site  to 
determine  the  insulating  characteristics  of  the  foam  after  weathering 
for  5  years. 


When  PUF  spray  equipment  is  not  available,  other  sources  of  PUP, 
such  as  canned  foam  or  foam  boardstock,  must  be  used.  Canned  foam  is 
available  in  two  forms:  (1)  sing) "-component  (one  can),  where  the  foam 
reacts  with  atmospheric  moisture  to  cure;  and  (2)  two-component  (two 
cans),  in  which  the  components  react  to  cure.  The  single-component  foam 
must  cure  about  24  hours  before  it  can  be  sanded.  The  two-component 
foam  is  sufficiently  well  cured  in  1  to  2  hours  to  enable  it  to  be 
sanded . 

There  are  a  number  of  single-component  foams  available  in  conven¬ 
tional  spray  can  containers.  Two  of  these  were  included  in  this 
investigation:  (1)  UFC  Handi-Foam,  manufactured  by  United  Foam 

Corporation,  Compton,  Calif.;  and  (2)  Polycel  One,  manufactured  by 
Coplanar  Corporation,  Oakland,  Calif.  There  are  only  two  two-component 
foam  materials  known  to  NCEL.  These  are  Froth-Pak,  manufactured  by 
Insta-Foam  Products,  Inc.,  Joliette,  Ill.;  and  Versifoam,  manufactured 
by  Universal  Foam  Systems,  Cudahy,  Wis.  The  Froth-Paks  were  included  in 
the  investigation.  The  two-component  foam  is  available  in  three  different 
container  sizes,  the  smallest  of  which  is  the  conventional  paint  spray 
can  (approximately  12  fluid  ounces).  The  two  cans  each  have  a  plastic 
tube  that  is  connected  into  a  plastic  nozzle.  When  the  trigger  on  the 
Froth-Pak  is  activated,  the  two  liquid  components  meet  and  are  mixed  as 
they  pass  through  and  are  dispensed  from  a  special  plastic  mixing  nozzle. 
Both  the  single-  and  two-component  foams  extrude  from  the  cans  as  a 
froth  (like  shaving  cream).  The  foams  then  expand  about  50%  as  they 
cure.  Plastic  nozzles  are  available  for  spraying  as  well  as  for  frothing. 

Both  single-  and  two-component  canned  foams  were  investigated  at 
the  NRC  Clifton  test  site.  Additional  tests  were  conducted  at  NCEL  in 
areas  where  PUF  samples  were  removed  for  thermal  conductivity  measurements 
The  NCEL  tests  involved  the  two-component  canned  foam  and  either  PUF  or 
styrofoam  insulation  board  that  was  cut  to  the  approximate  size  of  the 
foam  removed  from  the  roof.  The  shaped  boardstock  was  then  set  into 
four  or  five  beads  of  caulking  material  that  had  been  applied  to  the 
roof  deck,  the  area  between  the  boardstock  and  the  adjacent  foam  was 
caulked,  and  the  surface  of  the  foam  was  protected  with  a  proper  caulking 
material  or  coating.  The  use  of  both  canned  foam  and  foam  insulation 
boardstock  for  patching  is  shown  in  Figure  7. 


Phase  5  -  Maintenance  of  Aged  PUF  System  Test  Panels  Taken  From  NWC 


China  Lake  and  MCMWTC  Pickel  Meadows,  Calif.,  Test  Sites 


Concern  has  been  expressed  in  the  industry  that  the  silicone  coatings 
are  difficult  to  recoat  when  it  is  necessary  to  maintain  this  type  of 
coated  PUF  roofing  system  (i.e.,  the  new  silicone  coating  does  not 
adhere  well  to  the  old  silicone  coating).  To  determine  the  validity  of 
this  concern,  two  2-  by  4-foot  experimental  panels  that  had  been  coated 
with  a  single-component  moisture-cured  silicone  were  returned  to  NCF.L 
for  an  additional  maintenance  operation.  One  of  these  panels  had  been 
exposed  at  the  NCEL  experimental  weathering  site  at  NWC  China  Lake, 

Calif.,  while  the  second  had  been  exposed  at  another  NCEL  site  at  MCMWTC 
Pickel  Meadows,  Calif.  These  two  systems  had  been  exposed  for  8  years 
at  these  two  sites  and  were  in  excellent  condition.  The  only  deterio¬ 
ration  noted  was  very  light  checking  of  the  silicone  (1/8  to  1/4  inch  in 


length)  that  occurred  in  the  bottom  of  the  valleys  of  the  surface  texture 
of  the  coating.  This  checking  had  occurred  when  the  coating  was  first 
applied  and  had  not  progressed  or  changed  in  nature  on  weathering.  The 
checking  did  not  penetrate  through  the  coating  into  the  foam. 

The  two  panels  were  each  divided  in  half,  and  four  different  surface 
treatments  were  tried,  one  on  each  half  of  the  panel,  prior  to  recoating 
the  surface  with  new  silicone  coating.  These  surface  treatments  included: 

Panel  1. 

System  19F-1  -  The  surface  of  the  existing  weathered  silicone 
was  thoroughly  broomed  (as  might  be  done  with  power  brooming)  to  remove 
all  adhered  dirt  from  the  silicone. 

System  19F-2  -  The  surface  of  the  weathered  silicone  was 
thoroughly  broomed  while  washing  with  water  to  remove  all  adhered  dirt. 

The  surface  was  then  washed  with  clean  water  and  allowed  to  dry  completely. 

Panel  2. 

System  20F-1  -  The  surface  of  the  weathered  silicone  was 
washed  with  a  pressure  water  spray  (approximately  170  psi)  to  remove 
adhered  dirt  and  allowed  to  dry  completely. 

System  20F-2  -  The  surface  of  the  weathered  silicone  was 
washed  and  scrubbed  with  water  and  trisodium  phosphate  (TSP)  detergent, 
washed  with  clean  water,  and  allowed  to  dry  completely. 

The  cleaning  operations  all  gave  good  clean  surfaces.  However,  the 
panel  that  was  washed  with  TSP  appeared  to  be  the  cleanest.  The  cleaned, 
dry  surfaces  were  then  topcoated  with  two  coats  of  moisture-cured  silicone 
applied  by  spray  at  the  rate  of  1  gal/100  ftz/coat.  Small  samples  were 
cut  from  these  panels  to  determine  the  adhesion  of  the  new  coating  to 
the  old  coating  before  the  systems  were  exposed  and  after  6  months  of 
weathering  at  the  Port  Huenerae  experimental  weathering  site. 


RESULTS  AND  DISCUSSION 

Interim  results  on  these  maintenance  studies  after  a  little  over 
2  years  of  weathering  on  the  PUF  maintenance  panels  were  presented  in 
Reference  11.  Reference  11  also  presented  interim  procedures  for  main¬ 
taining  foam  that  could  be  used  pending  additional  investigation.  This 
current  report  presents  results  of  a  5-year  laboratory  and  small-scale 
field  study  along  with  preliminary  guidelines  for  maintaining  foam  roofs 
(see  the  Appendix).  These  preliminary  guidelines  will  become  recommended 
criteria  following  their  use  in  full-scale  field  maintenance  operations. 
Each  phase  of  the  investigation  is  described  below. 

Phase  1 

As  noted  earlier  in  the  report,  the  condition  of  the  12  weathered 
systems  used  in  this  phase  varied.  For  all  practical  purposes,  no  two 


systems  were  in  the  same  condition.  Because  of  this,  it  was  not 
possible  to  have  duplicates  as  in  Phase  2;  only  qualitative  information 
was  obtained  from  this  series  for  the  first  28  months.  Thereafter, 
small  samples  were  cut  from  each  of  the  panels  for  the  adhesion  tests 
mentioned  earlier.  Results  of  the  inspection  of  these  systems  for 
performance  during  the  5  years  of  weathering  are  given  in  Table  4. 

The  three  methods  used  in  this  phase  for  preparation  of  the 
surfaces  were  brooming,  sanding,  and  shaving.  All  12  panels  were  first 
broomed  to  determine  the  effectiveness  of  this  technique.  This  treat¬ 
ment  was  relatively  effective  only  on  system  IF- 1 .  It  was  also  the  only 
treatment  used  on  systems  1F-2  and  2F-1.  This  was  done  because  the 
authors  have  seen  PUF  roofs  with  this  degree  of  deterioration  merely 
broomed  and  coated,  and  wanted  to  determine  if  this  was  a  satisfactory 
treatment.  Figures  8  and  9  show  system  1F-2  after  brooming  and  coating, 
respectively.  As  noted  in  Table  4,  brooming  is  not  an  effective  treatment 
for  surfaces  that  have  a  moderate  percentage  of  flaked  coating. 

System  1F-1  did  not  have  as  much  of  the  original  urethane  coating 
spalled  from  the  foam  as  systems  1F-2  and  2F-1.  As  a  result,  system 
1F-1  was  performing  better  than  the  other  two  and  was  rated  as  good; 
system  1F-2  (see  Figure  10a  and  b)  was  rated  as  failed  and  system  2F-1 
was  rated  poor,  respectively,  after  5  years  of  exposure.  System  1F-2 
had  absorbed  water  after  1  year  of  exposure.  The  slightly  better  per¬ 
formance  of  system  2F-1  (see  Figure  10c)  over  system  1F-2  (Figure  10b) 
is  attributed  in  part  to  the  use  of  a  primer,  which  improves  the  adhesion 
of  the  new  coating  to  the  old  coating  (compare  adhesive  properties  for 
systems  2F-1  and  1F-2  in  Table  5). 

Where  the  old  coating  was  mostly  intact,  as  with  system  1F-1, 
brooming  was  found  to  be  an  effective  surface  preparation.  On  the 
remaining  nine  panels  of  Phase  1,  brooming  was  found  to  be  ineffective 
because  deterioration  of  the  coating  and  foam  surfaces  was  too  advanced. 
Attempts  were  made  to  use  the  foam  plane  on  these  panels,  but  it  did  not 
have  sufficient  cutting  ability  to  remove  these  coatings,  particularly 
the  moisture-cured  urethanes.  Even  though  some  of  these  coatings  were 
badly  deteriorated,  the  remaining  portion  was  still  quite  rubbery  and 
tough.  Only  the  disk  sander  was  able  to  remove  deteriorated  PUF  roofing 
systems;  it  was  also  used  to  partially  sand  the  most  deteriorated  portions 
of  systems  3F-1,  3F-2,  3F-3,  4F-1,  and  4F-2.  While  the  disk  sander  did 
a  relatively  good  job,  it  is  not  effective  in  removing  deteriorated 
rubberlike  coatings,  such  as  moisture-cured  urethanes.  A  new,  more 
rugged  foam  planer  that  may  be  more  effective  has  recently  been  received 
and  will  be  evaluated  in  the  near  future.  This  unit  has  a  much  heavier 
blade  than  the  one  that  was  tested. 

After  5  years  of  weathering,  systems  3F-1  and  3F-2  were  providing 
good  to  very  good  protection  to  the  PUF  panels.  Less  than  10%  of  the 
old  weathered  coating  had  spalled  before  this  maintenance  was  performed. 
Where  there  were  breaks  in  the  original  coating  (i.e.,  where  deteriorated 
coating  had  been  sanded  to  quality  foam),  the  new  coating  effectively 
bridged  over  the  transition  from  foam  to  old  coating.  After  5  years  of 
weathering,  some  cracking  of  the  maintenance  coating  was  evident.  This 
minor  cracking  was  more  prevalent  on  system  3F-1  than  on  system  3F-2. 

The  third  system  in  this  group,  system  3F-3,  had  failed  after  5  years  of 
weathering.  There  were  many  interface  areas  of  old  coating  to  foam;  the 
maintenance  coating  was  unable  to  bridge  this  transition  and  is  cracking 
around  these  areas. 


System  4F-1  is  providing  good  protection  to  the  PUF  after  5  years 
of  exposure.  The  old  weathered  coating  on  this  panel  had  no  more  than 
10%  spalled  areas,  which  had  been  sanded  to  remove  degraded  coating  and 
foam.  This  caused  some  cracking  of  the  maintenance  coating  where  it  had 
originally  bridged  these  transition  areas  between  sanded  foam  and  old 
coating.  System  4F-2,  on  the  other  hand,  had  more  than  40%  spalling  of 
the  original  weathered  coating,  and  about  this  percentage  of  the  panel 
had  been  sanded  lightly  to  good-quality  foam.  There  were  relatively  few 
breaks  in  the  maintenance  coating  where  it  had  been  applied  over  areas 
of  transition  from  sanded  foam  to  good-quality  coating.  System  4F-2  was 
rated  very  good  after  5  years  of  exposure. 

A  comparison  of  the  adhesive  characteristics  of  systems  3F  and  4F 
(Table  5)  does  not  show  a  clear-cut  advantage  for  either  using  or  not 
using  a  primer.  The  reason  for  this  is  believed  to  be  the  variability 
of  the  substrate  that  was  maintained.  In  some  cases,  the  primer  was 
applied  to  the  sanded  foam,  while  in  other  cases  it  was  applied  to 
weathered  coating  (i.e.,  variable  test  results  may  be  caused  by  the 
primer  being  applied  over  different  substrates).  It  is  emphasized  that 
there  was  no  loss  of  adhesion  of  new  coating  to  old  weathered  coating 
with  any  of  the  systems  mentioned  above.  The  new  coating  was  well 
bonded  to  the  old  coating  in  every  case. 

Systems  5F-1  through  8F-1  required  complete  removal  of  old  deterio¬ 
rated  coating  and  foam  using  the  disk  sanders.  As  mentioned  above,  the 
residual  urethane  elastomeric  coatings  (systems  5F-1  and  6F-1)  are  very 
tough  and  abrasion  resistant,  and  their  removal  with  a  disk  sander  is 
not  only  time  consuming  but  also  tends  to  gum  up  the  disk  sanders, 
requiring  frequent  changing  of  the  disk.  The  weathered  butyl-hypalon 
systems  (systems  7F-1  and  8F-1)  were  not  quite  as  difficult  to  remove 
because  they  have  less  abrasion  resistance  than  the  urethane  elastomers. 
Use  of  the  heavy-duty  foam  scarfer  may  produce  better  results  in  such 
situations . 

Systems  5F-1  and  6F-1  both  performed  in  an  excellent  manner,  provid¬ 
ing  complete  protection  to  the  sanded  foam  substrate  for  up  to  5  years 
(see  Table  4).  The  catalyzed  urethane  elastomer  bonded  very  well  to  the 
sanded  foam  surface  except  for  a  few  blisters  between  the  sanded  foam 
surface  and  the  new  coating.  Use  of  the  primer  in  system  6F-1  appeared 
to  have  minimized  the  blistering,  which  is  probably  caused  by  isolated 
larger  cell  structure  at  the  sanded  foam  surface.  The  urethane  primer 
provided  a  definite  improvement  in  adhesion  of  the  coating  to  the  sanded 
foam  surface,  which  may  be  increasing  with  continued  exposure  (see 
Table  5).  Application  of  a  coating  to  a  sanded  or  scarfed  foam  surface, 
whether  primed  or  not,  is  generally  not  recommended.  However,  these 
results  suggest  that  such  a  procedure  would  be  acceptable  in  small, 
isolated  areas.  When  small  areas  are  sanded  to  provide  a  smoother 
surface,  the  sanded  areas  should  be  primed,  and  at  least  one  additional 
base  coat  beyond  that  specified  for  the  total  roof  should  be  applied  in 
the  sanded/primed  area. 

Systems  7F-1  and  8F-1  have  also  performed  in  an  excellent  manner 
for  the  5  years  of  exposure.  These  two  systems,  sanded  foam  surface 
that  was  refoamed  and  the  new  foam  coated,  were  similar  except  for  the 
primer  applied  to  the  sanded  foam  of  system  8F-1.  Because  of  the  new 
foam  catalyzed  urethane  coating  system,  these  two  systems  would  be 


expected  to  perform  well.  They  were  included  to  determine  if  priming  of 
the  sanded  foam  surface  is  advantageous  prior  to  refoaming.  Data  in 
Table  6  for  these  two  systems  show  that  the  adhesive  character  of  the 
new  foam  to  old  foam  is  enhanced  by  use  of  the  primer. 

Phase  2 

The  objective  of  this  phase  of  the  work  was  to  obtain  quantitative 
data  relative  to  the  effectiveness  of  two  levels  of  brooming  and  sanding, 
as  well  as  to  determine  whether  or  not  it  is  advantageous  to  prime  prior 
to  coating  or  foaming  over  old  weathered  coatings  or  over  sanded  foam 
surfaces  (see  Table  3). 

Two  levels  of  brooming  were  investigated.  The  first,  systems  9F-1 
and  9F-2  and  10F-1  and  10F-2,  utilized  a  rattan  push  broom,  which  did  a 
very  effective  job  at  cleaning  dirt,  chalk,  loose  coating,  and  deterio¬ 
rated  foam  from  the  panels.  The  second  treatment,  designated  as  brushing, 
was  utilized  on  the  remainder  of  the  weathered  TT-P-95  panels,  including 
panels  11F-1  and  11F-2  through  14F-1  and  14F-2.  It  was  found  that 
brushing  was  not  nearly  as  effective  for  removing  products  of  PUF  roofing 
system  deterioration  as  the  rattan  push  broom. 

The  weathered  uncoated  foam  panels  were  very  easily  and  efficiently 
cleaned  of  degraded  foam  using  the  disk  sander  (systems  15F-1  and  15F-2 
through  18F-1  and  18F-2).  Figures  11a  through  lid  show  the  sanded, 
primed,  and  coated  panel  of  system  16F-2.  Figure  12  shows  system  16F-1 
after  4  years  of  exposure.  This  system  is  performing  well  at  this  time. 

The  second  panel  of  each  series  (i.e.,  9F-2,  10F-2,  etc.)  was 
returned  to  NCEL  on  a  periodic  basis,  a  small  section  cut  off  for  adhesion 
testing,  the  exposed  surfaces  coated,  and  the  panel  returned  to  the  test 
rack.  The  series  has  been  exposed  for  a  period  of  about  4  years.  The 
coating  on  those  systems  whose  surfaces  were  prepared  for  recoating  by 
brooming  or  brushing  (i.e.,  systems  9F-1  to  12F-2)  showed  a  very  slight 
tendency  to  crack  where  the  new  coating  bridged  over  cracks  in  the 
original  coating  or  over  small  spots  where  the  original  coating  had 
flaked  from  the  foam.  However,  this  was  not  serious,  and  all  of  the 
systems  in  this  series  were  providing  excellent  protection  to  the  coated 
foam  substrate.  One  factor  observed  was  that  when  an  elastomeric  coating 
is  applied  over  a  sanded  foam  surface,  the  coating  is  more  easily  com¬ 
pressed  into  the  foam  than  when  the  coating  is  applied  over  a  foam 
surface  with  a  skin  (i.e.,  the  skin  tends  to  make  the  foam  surface  more 
rigid).  Thus,  a  coating  applied  over  a  sanded  foam  surface  may  be  more 
easily  damaged.  It  is  for  this  reason  that  sanding  of  the  foam  followed 
by  an  extra  heavy  coating  should  be  used  only  in  small,  isolated  areas. 

The  effect  of  using  a  butyl  primer  on  the  adhesion  of  new  coating 
to  a  weathered  coating  surface  or  to  a  sanded  foam  surface  is  given  in 
Table  5.  The  data  show  lower  adhesive  values  for  the  primed  surfaces 
than  for  the  unprimed  surfaces,  which  is  a  reverse  of  that  found  when 
using  the  urethane  primer  in  Phase  1.  While  the  differences  between  the 
adhesive  values  for  primed  and  unprimed  surfaces  were  substantial  after 
1  year  of  exposure,  these  appear  to  be  reduced  with  additional  exposure. 
This  suggests  that  the  problem  may  involve  solvents  of  the  butyl  primer 
and  solvent  retention  during  the  initial  exposure  period.  The  retained 
solvent  may  tend  to  migrate  out  of  the  system  with  additional  time  of 
exposure,  thereby  narrowing  the  difference  in  the  adhesive  value  between 
primed  and  unprimed  surfaces. 


Application  of  the  butyl  primer  over  a  brushed,  weathered  coating 
and  over  a  sanded  foam  surface  prior  to  refoaming  increased  the  adhesive 
characteristics  of  the  new  foam  to  those  surfaces  (Table  6).  The  reason 
for  this  is  not  clear  since,  as  noted  above  (Table  5),  the  butyl  primer 
did  not  enhance  the  adhesive  character  of  the  acrylic  elastomer  coating 
to  the  different  surfaces.  However,  because  of  the  lower  incidence  of 
blistering  when  a  coating  is  applied  over  a  sanded  foam  surface,  the 
better  adhesive  character  of  new  foam  to  old  when  using  the  butyl  primer, 
and  the  overall  enhanced  adhesion  characteristics  with  the  urethane 
primer,  use  of  a  primer  appears  desirable. 

Phase  3 

The  108  PUT  roofing  systems  on  the  family  housing  units  at  NAS 
Lemoore,  Calif.,  that  were  refurbished  in  the  fall  of  1977  have  been  in 
place  for  almost  6  years.  About  two-thirds  of  these  roofs  are  perform¬ 
ing  well  and  currently  require  little  or  no  maintenance.  Four  to  six  of 
the  units  have  had  moderate  to  extensive  maintenance  conducted  recently 
(i.e.,  blistered  or  delaminated  foam,  or  foam  that  was  wet  or  a  poor 
quality,  was  removed  and  the  areas  were  refoamed  and  coated).  The 
remaining  one-third  of  the  108  units  have  isolated  examples  of  blistering, 
foam  delamination,  cracking  of  the  coating,  or  spongy  foam  (off-ratio 
foam).  These  areas  should  receive  proper  and  prompt  maintenance  as  soon 
as  possible  to  prevent  accelerated  deterioration  and  failure  of  the 
affected  roofs.  Maintenance  procedures  should  include  (1)  cutting  out 
and  removing  any  blistered,  delaminated,  poor-quality  or  wet  foam; 

(2)  beveling  the  edges  of  cut-out  areas;  (3)  allowing  the  area  to  dry  if 
wet;  and  (4)  refoaming  and  coating  new  foam.  Cracked  or  flaked  coating 
areas  should  be  sealed  with  an  appropriate  caulking  material.  If  the 
existing  coating  is  severely  aged,  these  units  should  be  recoated. 

The  actual  reason  for  the  problems  in  the  PUF  roofs  showing  early 
deterioration  has  not  been  determined.  However,  it  is  believed  to  be 
caused  by  the  attempt  to  save  as  much  of  the  original  PUF  roof  as  possible. 
The  original  PUF  had  been  applied  over  lightweight  concrete,  which  was 
used  to  provide  slope  over  a  flat  BUR.  Blistering  or  delamination  of 
the  foam  can  be  attributed  to  several  factors:  (1)  moisture  in  the 
original  foam  or  in  the  lightweight  concrete,  (2)  original  foam  too  thin 
after  sanding,  (3)  poor  bond  between  the  original  foam  and  the  lightweight 
concrete,  or  (4)  questionable  integrity  of  the  lightweight  concrete.  In 
all  probability,  the  principal  problem  lies  with  number  (3)  or  (4).  If 
the  original  foam  is  not  well  bonded  to  the  lightweight  concrete  or  if 
the  lightweight  concrete  does  not  have  good  integrity,  stresses  that 
develop  in  the  new  foam  as  it  ages  could  cause  the  foam  to  disbond  from 
the  substrate,  causing  blistering  or  delamination  problems. 

The  results  to  date  on  this  refurbishing  suggest  that  this  is  a 
very  satisfactory  maintenance  procedure.  However,  the  problems  that 
have  been  observed  indicate  the  requirement  for  a  very  rigorous  inspection 
of  the  original  foam  roofs  once  they  have  been  scarfed  or  sanded  to  be 
assured  that  the  existing  foam  is  dry  and  well  bonded  to  a  sound,  dry 
substrate.  It  would  probably  be  prudent  in  such  a  case  to  have  moisture 
surveys  of  the  roofs  to  establish  that  they  are  in  fact  dry.  Considering 
the  good  performance  of  the  majority  of  these  roofs,  the  alternative  and 


considerable  additional  expense  of  a  complete  tear-off  of  the  original 
foam,  the  lightweight  concrete  fill,  and  the  BUR  membrane,  the  procedure 
used  is  considered  a  very  viable  alternative. 

Phase  4 

This  phase  of  the  investigation  deals  with  maintenance  of  small 
areas  of  a  PUF  roof  rather  than  the  total  roofing  system.  It  is  firmly 
believed  that  this  small  maintenance  activity  should  be  carried  out  in 
conjunction  with  annual  inspections.  During  such  inspections,  very 
small  defects  can  be  corrected  with  caulking  material  carried  by  the 
inspector.  During  the  annual  inspections  at  the  NRC  Clifton  test  site 
(Ref  6),  it  was  a  relatively  simple  matter  to  remove  degraded  coating/ 
foam  areas  from  small  spots  on  the  roof  and  repair  them  on  the  spot  with 
either  silicone  or  acrylic  caulking  material.  Such  a  procedure  often 
prevents  small  problems  from  becoming  large  roof  defects. 

If  a  defect  1  ft2  or  larger  is  found  during  the  annual  inspection 
or  noted  at  other  times,  it  then  becomes  necessary  to  use  the  mainte¬ 
nance  procedures  for  small  areas.  As  described  in  the  EXPERIMENTAL 
INVESTIGATIONS  section,  single-  and  two-component  "canned"  foams  and 
precut  foam  insulation  boardstock  were  investigated. 

The  single-component  "Handi-Foam"  did  not  perform  in  an  acceptable 
manner.  Although  this  froth  foam  filled  the  voids  relatively  well,  the 
cell  structure  of  the  foam  was  very  irregular,  resulting  in  extremely 
poor  physical  characteristics  and  causing  the  applied  coating  to  spall 
within  1  year.  The  poor-quality  patches  and  foam  required  removal  and 
replacement  the  following  year.  NCEL  experience  with  Polycel  1  has  been 
more  favorable  in  that  it  provides  a  better  quality  foam  material  with  a 
more  uniform  cell  structure.  It  must  be  emphasized  that  the  single¬ 
component  materials  require  a  curing  time  of  about  24  hours  before  they 
can  be  shaped  or  coated.  Where  station  forces  are  performing  the  mainte¬ 
nance,  such  a  delay  may  not  be  a  problem. 

The  two-component  canned  foams  also  expanded  and  filled  the  voids 
well  but,  like  the  single-component  foams,  produced  a  very  rough  surface 
that  had  to  be  shaped.  This  froth  foam  will  not  only  cure  within  1  to 
2  hours,  but  it  also  provides  a  better  quality  foam  with  better  cell 
structure  than  that  obtained  with  the  single-package  materials.  Because 
of  the  short  curing  time,  the  two-component  foams  can  be  shaped  with  a 
disc  sander  within  2  hours  after  application.  As  an  alternative  to 
sanding,  a  relatively  flat  surface  can  be  obtained  by  placing  a  piece  of 
plywood  wrapped  in  polyethylene  over  the  foamed  patch  as  it  is  applied. 

A  weight  can  be  placed  on  top  of  the  plywood  to  hold  it  in  place,  and 
the  foam  then  rises  against  and  conforms  to  the  flat  surface  of  the 
weighted  plywood.  After  the  proper  curing  time  (i.e.,  24  hours  for 
single-component  foam  or  about  2  hours  for  two-component  foam),  the 
plywood  can  be  removed  and  the  foam  patch  coated  with  the  proper  coating 
or  caulking  material. 

If  the  canned  foam  is  not  available,  PUF  or  styrofoam  boardstock 
insulation  appears  to  be  an  acceptable  alternative.  This  is  adhered  to 
the  roof  deck  with  caulking  material,  shaped  (if  required),  and  then 
waterproofed  or  protected  from  the  environment  with  either  a  suitable 
coating  or  caulking  material.  This  procedure  has  worked  relatively  well 
for  over  2  years  in  tests  conducted  at  NCEL. 


Of  the  three  methods  mentioned,  NCEL  believes  that  the  two- 
component  canned  foams  provide  a  better  patch  than  either  the  single¬ 
component  canned  foam  or  the  foam  boardstock.  Among  other  factors,  the 
two-component  canned  foams  provide  a  monolithic  roofing  system  consisting 
of  essentially  the  same  foam  material  as  the  original  roof,  although 
these  foams  are  generally  of  slightly  lower  density  (i.e.,  less  than 
2  lb/ft3).  The  single-component  foams  are  somewhat  different  chemically, 
and  the  boardstock  introduces  a  cold  joint  around  the  perimeter  of  the 
patch . 

Shaping  of  the  foam  does  give  a  sanded  or  cut  foam  surface  without 
the  normal  foam  skin.  As  noted  earlier,  a  sanded  foam  surface  is  normally 
not  recoiranended  except  for  small,  isolated  areas,  since  the  coating  over 
a  sanded  surface  is  more  easily  damaged  than  a  coating  over  a  skinned 
surface.  It  was  observed  in  tests  at  NRC  Clifton  that  when  only  two 
coats  of  silicone  coating  were  applied  over  the  shaped  surfaces,  the 
coating  would  start  to  deteriorate  in  a  couple  of  years,  while  the 
caulking  material,  which  is  similar  but  thicker,  has  held  up  very  well 
for  up  to  5  years.  When  coating  is  used  over  a  sanded  foam  surface,  it 
should  be  applied  in  multiple  coats  to  provide  a  minimum  dry  film  thick¬ 
ness  of  35  to  40  mils.  The  coating  would  have  to  be  applied  over  at 
least  a  2-day  period,  which  could  cause  logistic  problems.  As  a  result, 
NCEL  favors  the  use  of  caulking  materials  for  the  patching  operation, 
which  permits  protecting  the  foam  in  one  operation. 

New,  small,  foam  spray  machines  are  currently  available  for  small 
foam  roof  repairs.  These  machines,  which  have  small  canisters  of  the 
two  foam  components  on  the  unit  and  require  only  a  110-volt  power  source 
and  low-pressure,  low-volume  compressed  air  (1  cfm) ,  provide  the  best 
maintenance  procedure  because  the  two-component  foam  used  is  the  same 
quality  as  in  the  original  roof.  Where  a  base  has  a  number  of  foam 
roofs,  such  as  on  family  housing,  the  procurement  and  use  of  this  type 
of  equipment  could  be  fgst  beneficial  and  cost  effective.  The  Model 
FF-111  Little  Big  Shot  ,  available  from  Gusmer  Corp. ,  is  one  type  of 
foam  spray  machine. 

Phase  5 


Results  of  the  research  to  determine  the  adhesion  of  new  silicone 
coatings  over  weathered  silicone  coatings  are  presented  in  Table  7.  The 
single-component  silicones  were  applied  over  weathered  silicones  that 
had  received  one  of  four  different  surface  treatments:  (1)  broomed, 

(2)  washed  with  water,  (3)  washed  with  moderate  pressure  water  blasting 
(i.e.,  100+  psi) ,  and  (4)  washed  with  detergent.  A  study  of  the  adhesion 
data  in  Table  7  suggests  that  brooming  would  normally  be  an  adequate 
surface  preparation,  although  there  is  not  much  difference  in  the  adhesive 
values  between  the  coatings  applied  over  the  four  different  surface 
treatments.  However,  in  certain  heavy  industrial  atmospheres,  oily 
substances  may  be  deposited  on  the  roof,  and  washing  with  detergent  may 
be  required  to  properly  prepare  the  surface.  There  appears  to  be  a 
trend  in  which  the  adhesive  values  increase  in  each  of  the  four  cases. 

The  adhesive  values,  in  fact,  show  a  tendency  to  increase  to  the  values 
determined  previously  for  the  adhesion  of  this  silicone  coating  to  foam 
(i.e.,  9  to  10  kg/cm2  (Ref  7)).  In  this  latter  case,  failure  of  the 
system  always  occurred  cohesively  in  the  foam.  In  the  current  study 
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(Table  7),  failure  was  normally  an  adhesive  failure  between  the  new  and 
old  coating.  This  is  not  serious  because  the  adhesion  of  the  new  to  old 
coating  appears  to  increase  with  time.  While  there  have  been  some 
problems  in  the  past  with  the  adhesion  of  the  single-component,  moisture- 
cured  silicone  to  foam,  a  new  base  coat  of  this  material  has  recently 
been  introduced  that  has  incorporated  an  adhesion  promoter.  The  new 
base  coat  is  expected  to  enhance  the  adhesive  character  of  this  system 
and  is  being  investigated. 

FINDINGS  AND  CONCLUSIONS 

1.  A  PUF  roofing  system  can  be  easily  maintained  using  methods  and 
materials  described  in  this  report. 

2.  A  strong  inspection  and  maintenance  program  can  extend  the  time  for 
recoating  as  much  as  an  additional  5  years. 

3.  When  removing  small  areas  of  poor-quality,  wet,  or  degraded  foam, 
the  areas  should  be  refoamed  with  conventional  foaming  equipment.  If 
this  equipment  is  not  available,  repairs  can  be  made  using  two-component 
canned  foam  or  foam  boardstock.  Any  voids  between  new  and  old  foam 
should  be  caulked  and  the  new  foam  surface  protected  with  appropriate 
caulking  material  or  35  to  40  mils  of  elastomeric  coating. 

4.  If  spalling  of  weathered  elastomeric  coating  is  distributed  uniform¬ 
ly  over  the  roof  and  is  less  than  10%,  the  roof  can  generally  be  satis¬ 
factorily  recoated.  In  such  cases,  a  tiecoat  of  primer  recommended  by 
the  coating  manufacturer  should  be  applied  before  recoating.  While  use 
of  the  primer  may  or  may  not  enhance  the  adhesion  of  the  new  coating  to 
the  weathered  coating,  depending  on  the  primer  employed,  it  does  appear 
to  improve  the  overall  performance  of  the  coating. 

5.  New  sprayed  PUF  applied  over  an  existing  primer-coated  foam  system 
has  performed  very  well  in  these  studies.  While  such  a  procedure  is  not 
applicable  in  all  cases,  it  can  be  used.  Each  application  should  be 
considered  on  a  case-by-case  basis. 


RECOMMENDATIONS 

1.  A  strong  annual  inspection  and  maintenance  program  should  be  instituted 
to  prolong  the  life  expectancy  of  foam  roofs  and  extend  the  time  between 
recoating  cycles. 

2.  The  preliminary  procedures  specified  in  this  report  should  be  tested 
in  full-scale  field  trials  to  determine  their  effectiveness. 

3.  Coating  a  sanded  foam  surface  is  generally  not  recommended.  However, 
coating  small,  isolated  areas  (approximately  5  to  10  ft2  appears  to 
present  no  problem  as  long  as  the  area  is  not  a  high  traffic  area  and 
the  coating  thickness  is  at  least  35  to  40  mils. 


4.  When  refoaming  over  an  existing  coated  foam  roof,  the  roofing  system 
should  be  thoroughly  inspected  for  roof  defects  to  ensure  that  it  is  dry 
(by  means  of  a  nuclear  survey  or  other  specialized  inspection  technique); 
any  wet  or  degraded  areas  should  be  removed,  allowed  to  dry,  and  refoamed; 
and  the  weathered  surfaces  should  be  cleaned  and  primed  prior  to  refoaming 
Additional  foam  should  not  be  applied  over  an  impermeable  coating  or 
over  a  silicone-coated  foam  roof. 
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Test  sites  designated  as  follows:  CL  =  China  Lake,  PM  =  Pickel  Meadows,  PH  =  Port  Hueneme.  There  was 
one  panel  of  each  of  the  4  systems  at  each  of  the  3  exposure  sites  for  a  total  of  12  panels. 


Table  2.  Description  of  Maintenance  Procedures  -  Phase  1 


System  Description 

Number  of  Procedure 


1F-1  Broom  and  coat 


2F-1  Broom,  prime,  and 
coat 


3F-1  Broom,  sand  some 
portions,  and 
coat 


4F-1  Broom,  sand  some 
portions,  prime, 
and  coat 


5F-1  Sand  entire  panel 
and  coat 

6F-1  Sand  entire 

panel ,  prime ,  and 
coat 

7F-1  Sand  entire 

panel,  foam,  and 
coat 


8F-1  Sand  entire 

panel,  prime, 
foam,  and  coat 


Original  System 

umber  Description 

3-1  2 . 0- lb/ f  t  3  foam  ; 

butyl -hypa 1  on  coating 


14-9  2.5-lb/ft3  foam; 

moisture-cured  urethane 

14-6  2.5-lb/ft3  foam; 

moisture-cured  urethane 


10-1  2.0-lb/ft3  foam; 

catalyzed  urethane 


10-3  2.0-lb/ft3  foam; 

catalyzed  urethane 

14-3  2.0-lb/ft3  foam; 

catalyzed  urethane 

10-4  2.0-lb/ft3  foam; 

catalyzed  urethane 


14-8  2.5-lb/ft3  foam; 

moisture-cured  urethane 


14-1  2.0-lb/ft3  foam; 

moisture-cured  urethane 

14-4  2.0-lb/ft3  foam; 

moisture-cured  urethane 


3-3  2.0-lb/ft3  foam; 

butyl -hypa 1  on  coating 


3-4  2.0-lb/ft3  foam; 

butyl -hypa Ion  coating 


d  ,,  New  Coat  i  MR  D 

rrimer  New  foam  Kemaik*- 

Sys 1  **m 


None  None 


Plas  Chem  None 
9002- 1FR 
urethane 


Gat  ' 1  U-66 


Cato  U-66 


Gaco  U-66 


Plas  Chem  None 
9002- 1FR 
urethane 

Plas  Chem  None 
9002- 1FR 
urethane 


Plas  Chem  None 
9002- 1FR 
urethane 


Gaco  U-66  *’10%  of  p.mel 

sanded 


Gaco  U-66  I  *10%  of  panel 
sanded 

Gaco  U-66  <40%  of  panel 

sanded 

Gaco  U-66  *30%  of  panel 

sanded 


Gaco  U-66  <10%  of  panel 

sanded 


Gaco  U-66 


Gaco  U-66 


None  Witco  Gaco  U-66 

SS-0125A/ 

SS-0126Bt 
(3.0  lb/ft3) 

Plas  Chem  Witco  Gaco  U-66 

9002-1FR  SS-0125A/ 

urethane  SS-0126B 

(3.0  Ib/ft  5 ) 


Gaco  U-66  is  a  catalyzed  urethane  elastomer  system  produced  by  Gaco-Weste rn ,  Seattle,  Wash. 
^Plas-Chem  9002- 1FR  is  a  catalyzed  urethane  primer  produced  by  Plas-Chem,  St.  Louis,  Mo. 
CWitco  SS-0125A/SS-0126B  foam  is  a  product  of  Witco  Chemical,  New  Castle,  Del. 


Table  3.  Description  of  Maintenance  Procedures  -  Phase  2 


System 

Number 

Description 
of  Procedure 

Original  System 
Description 

Primer 

New  Foam 

9F- 1 
and 

9F-2 

Broom  and  coat 

TT-P-95  coating  over 
Witco  SS-0125A/SS- 
0126B°  foam  (3.0 
lb/ft3) 

None 

None 

10F-1 

and 

10F-2 

Broom,  prime,  and 
coat 

TT-P-95  coating  over 
Witc„  SS-0125A/SS- 
0126B  foam  (3.0 
lb/ft3) 

Uni tedC 

838  butyl 

None 

11F-1 

and 

11F-2 

Brush  and  coat 

TT-P-95  coating  over 
Witco  SS-0125A/SS- 
0126B  foam  (3.0 
ft/lb3) 

None 

None 

12F-1 

and 

12F-2 

Brush,  prime,  and 
coat 

TT-P-95  coating  over 
Witco  SS-0125A/SS- 
0126B  foam  (3.0 
lb/ft3) 

United 

838  butyl 

None 

13F-1 

and 

13F-2 

Brush,  foam,  and 
coat 

TT-P-95  coating  over 
Witco  SS-0125A/SS- 
0126B  foam  (3.0 
lb/ft3) 

None 

Witco 

SS-0125A/ 
SS-0126B 
(3.0  lb/ft3) 

14F-1 

and 

14F-2 

Brush,  prime, 
foam,  and  coat, 

TT-P-95  coating  over 
Witco  SS-0125A/SS- 
0126B  foam  (3.0 
lb/ft3) 

United 

838  butyl 

Witco 

SS-0125A/ 
SS-0126B 
(3.0  lb/ft3) 

15F-1 

and 

15F-2 

Sand  and  coat 

Weathered,  uncoated 
foam  -  Witco  SS- 
0125A/SS-0126B  (3.0 
lb/ft3) 

None 

None 

16F-1 

and 

16F-2 

Sand,  prime,  and 
coat 

Weathered,  uncoated 
foam  -  Witco  SS- 
0 125A/SS-0 126B  (3.0 
lb/ft3) 

United 

838  butyl 

None 

17F-1 

and 

17F-2 

Sand,  foam,  and 
coat 

Weathered,  uncoated 
foam  -  Witco  SS- 
0125A/SS-0126B  (3.0 
lb/ft3) 

None 

Witco 

SS-0125A/ 
SS-0126B 
(3.0  lb/ft3) 

18F-1 

and 

18F-2 

Sand,  prime, 
foam,  and  coat 

Weathered,  uncoated 
foam  -  Witco  SS- 
0125A/SS-0126B  (3.0 
lb/ft3) 

i_ - - - 

United 

838  butyl 

Witco 

SS-0125A/ 
SS-0126B 
(3.0  lb/ft3) 

aThe  new  coating  system  for  this  phase  consisted  of  two  coats  of  Diathon  at  1-1/2  gal/sq/coat 
Diathon  is  a  product  of  United  Coatings,  Spokane,  Wash. 

bWitco  foam  is  a  product  of  Witco  Chemical,  New  Castle,  Del. 

CUnited  838  butyl  primer  is  a  product  of  United  Coatings,  Spokane,  Wash. 
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Table  4.  Performance  Ratings  for  Polyurethane  Foam  (PUFJ  Maintenance  Systems 


System 

Description  of 

Primer 

New  Foam 
Dens i ty 
(lb/ft1) 

Performance 

Rat  wigs  on 

WV  j  t  tit 

n 

r  i  rig 

Number 

Maintenance  Procedure 

4  Mo 

1  Yr 

2  Yr 

i  Yr 

H 

4  V  r 

o  V  r 

Phase  I 

IF- 1 

Broom  panel  and  coat 

none 

none 

VG-G 

VG-G 

VG-G 

VG-G 

G 

u 

1F-2 

none 

none 

G 

P-F 

F 

F 

F 

! 

2F- 1 

Broom  panel,  prime,  and 

none 

none 

E 

VG 

G 

G 

6 

P 

coat 

3F- 1 

Broom  panel,  sand  some 

none 

none 

E-VG 

VG 

VG-G 

VG-G 

VG-G 

\  G  - 1/ 

portions,  and  coat 

3F-2 

none 

none 

VG 

VG 

VG 

VG 

VG 

VG 

3F-3 

none 

none 

VG 

VG-G 

G 

G 

P 

F 

4F- 1 

Broom  panel,  sand  some 

urethane 

none 

VG 

VG 

VG 

VG 

VG-G 

G 

portions,  prime,  and 

coat 

4F-2 

urethane 

none 

VG 

VG 

VG 

VG 

VG 

VG 

5F-1 

Broom,  sand  entire  panel, 

none 

none 

E 

E 

E 

E 

F. 

E 

and  coat 

6F-1 

Broom,  sand  entire  panel, 

urethane 

none 

E 

E 

£ 

E 

E 

E 

prime,  and  coat 

7F-1 

Broom,  sand  entire  panel, 

none 

3 

E 

E 

E 

F. 

F. 

E 

foam,  and  coat 

8F-1 

Broom,  sand  entire  panel, 

urethane 

3 

E 

E 

E 

E 

E 

E 

prime,  foam,  and  coat 

1  1 

Phase  II 

9F-1 

Broom  panel  and  coat 

none 

none 

E 

E 

E 

r 

r 

- 

10F-1 

Broom  panel,  prime,  and 

butyl 

none 

E 

E 

E 

F. 

E 

- 

coat 

1  IF- 1 

Brush  panel  and  coat 

none 

none 

E 

E 

E 

F. 

F. 

12F-1 

Brush  panel,  prime,  and 

butyl 

none 

E 

E 

F. 

E 

F. 

coat 

13F-1 

Brush  panel,  foam,  and 

none 

3 

E 

E 

E 

F. 

F. 

coat 

14F-1 

Brush  panel,  prime,  foam, 

butyl 

3 

E 

E 

E 

E 

E 

' 

and  coat 

15F-1 

Sand  entire  panel  and 

none 

none 

E 

E 

F. 

E 

E 

coat 

16F-1 

Sand  entire  panel,  prime, 

butyl 

none 

E 

E 

F. 

E 

F. 

- 

and  coat 

17F-1 

Sand  entire  panel,  foam, 

none 

3 

E 

E 

E 

E 

E 

- 

and  coat 

19F-1 

Sand  entire  panel,  prime, 

butyl 

3 

E 

E 

E 

E 

F. 

- 

foam,  and  coat 

_ 

Performance  ratings  were  assigned  as  follows: 

E  =  Excellent.  The  system  is  performing  without  any  noticeablp  deterioration. 

VG  =  Very  Good.  Only  very  minor  deterioration  of  the  system. 

G  =  Good.  Although  the  maintained  PUF  systems  show  deter i ora 1 1  on ,  it  is  not  serious. 

P  =  Poor.  System  deterioration  is  serious.  Remedial  action  will  be  required  in  the 
near  future. 

F  =  Failed.  Deterioration  of  the  system  has  advanced  to  the  point  of  requiring  immediate 
maintenance . 
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Table  6.  Adhesion  of  New  Foam  to  Old  Foam  - 
With  and  Without  Primer 


Adhesive  Properties  for 

Exposure  Times  of-- 

System 

Number 

Weathered  Foam 
Treatment 

Primer 

Type 

2.5 

Years 

4  Years 

Stress 

(psi) 

Mode3 

Stress 

(psi) 

Mode3 

Phase 

I 

7F-1 

Broomed,  sanded, 
and  foamed 

none 

- 

- 

22 

1 

8F-1 

_ 

Broomed,  sanded, 
primed,  and 
foamed 

urethane 

_ 

26 

1 

Phase  II 

13F-2 

Brushed  and  foamed 

none 

22.6 

1 

36 

1 

14F-2 

Brushed,  primed, 
and  foamed 

butyl 

26.7 

2/3/ 4/5 

44 

2/4 

17F-2 

Sanded  and  foamed 

none 

18.3 

1 

38 

18F-2 

Sanded,  primed,  and 
foamed 

butyl 

34.2 

5 

42 

£ 

Principal  mode  of  failure. 

1.  Adhesive  failure  of  new  foam  to  old  foam. 

2.  Adhesive/ cohesive  failure  with  old  foam. 

3.  Adhesive  failure  of  primer  to  old  foam. 

4.  Adhesive  failure  of  new  foam  to  primer. 

5.  Adhesive/cohesive  failure  within  new  foam. 

6.  Bond  of  old  foam  to  primed  plywood. 


Table  7.  Adhesion  of  New  Silicone  Coating  to 
Weathered  Silicone  (Phase  5) 


Adhesive  Properties  for 
Exposure  Times  of-- 

Original 

Coat ing 

System 

System^ 

Number 

Surface  Treatment 

Initially 

6  Months 

Stress 
(kg/ cm2) 

Mode*" 

Stress 
(kg/cm2 ) 

ModeC 

19F-1 

Thoroughly  broomed  to 
remove  adhered  dirt 

5.5 

2 

8.9 

2/1 

Dow  Corning  3-5000 
exposed  at  China 

Lake ,  Calif.,  for 

8  years.  System 
in  excellent  con¬ 
dition. 

19F-2 

Thoroughly  broomed, 
washed  with  water,  and 
dried  completely 

6.2 

1/2 

7.4 

2/1 

Dow  Corning  3-5000 
exposed  at  China 
Lake,  Calif. ,  for 

8  years.  System 
in  excellent  con¬ 
dition. 

20F-1 

Washed  with  a  pressur¬ 
ized  water  (~  100  psi) 
spray  and  dried 
completely 

7 

2/1 

8.6 

2 

Dow  Corning  3-5000 
exposed  at  Pickel 
Meadows,  Calif., 
for  8  years. 

System  in 
excellent  con¬ 
dition. 

20F-2 

Washed  and  scrubbed 
with  trisodium  phos¬ 
phate  detergent, 
rinsed  with  clean 
water,  and  dried 
completely 

6 

2/1 

7 

_ 

2/1 

_ 

Dow  Corning  3-5000 
exposed  at  Pickel 
Meadows,  Calif., 
for  8  years. 

System  in 
excellent  con- 
di  tion  . 

aThe  recoat  system  consists  of  two  coats  of  Dow  Corning  3-5000  applied  at  1  gal/100  ft2/coat. 

^Systems  19F-1  and  19F-2  and  20F-1  and  20F-2,  respectively,  were  each  applied  to  one-half  of 
the  panel. 

c 

Predominant  modes  of  failure  in  tension  were: 

1.  Adhesive  failure  of  probe  to  new  coating. 

2.  Adhesive  failure  of  new  coating  to  old  coating. 
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(d)  New  foam  patch  is  shaped  with 


(f) 


Sanded  foam  is  protected  with  coating  or  caulk 
and,  where  required,  roofing  granules. 
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fg)  Patch  using  boardstock  is  adhered  to 
roof  deck  with  caulking  material 


Figure  7.  Continued 


(a)  Full  panel  view. 
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(b)  Photomacrograph  (~4  in.2). 

Figure  8.  Weathered  moisture-cured  urethane-coated  foam  panel 
brooming  (system  1F-2). 
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(a)  Full  panel  view. 
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(b)  Photomacrograph  (~4  in.') 


Figure  9.  Panel  1F-2  after  maintaining  with  a  catalyzed  urethane 
coat i ng . 
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(c)  System  2F-1  overview.  This  system  with  pr 
than  system  1F-2  without  primer. 

Figure  10.  Continued 


(d)  Photomacrograph  of  coated  panel  (~4  in.2). 
Figure  11.  Continued 
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Deteriorated  foam  system  maintained  by  sanding,  priming, 
and  coating  (system  16F-1).  System  performing  very  well 
after  weathering  for  4  years. 


Appendix 


PRELIMINARY  GUIDELINES  FOR  MAINTENANCE  OF 
POLYURETHANE  FOAM  (PUF)  ROOFING 


The  following  guidelines  (in  NAVFAC  specification  style)  are 
presented  for  maintaining  PUF  roofs  requiring  repair.  This  guidance  is 
based  on  research  on  a  limited  number  of  deteriorated  2-  by  4-foot  PUF 
roofing  samples  reported  herein  and  optimum  procedures  observed  in  the 
field  and  are,  thus,  of  a  preliminary  nature.  The  procedures  designated 
below  will  become  established  guidelines  after  they  have  been  tested  in 
full-scale  field  operations  and  found  to  be  effective  under  those 
conditions . 

1.0  Annual  Preventive  Maintenance 


In  order  to  obtain  maximum  performance  from  a  PUF  roofing  system,  a 
continuous  preventive  maintenance  program  with  annual  inspection  and 
repair  should  be  established.  The  annual  repair  should  be  carried  out 
in  conjunction  with  the  annual  inspection.  This  should  consist  of  a 
thorough  visual  inspection  of  the  entire  PUF  roofing  system  for  overall 
performance  and  for  both  large  and  small  defects  in  the  system.  A  good, 
strong,  preventive  maintenance  program  should  extend  the  life  expectancy 
of  the  foam's  protective  coating  system  an  additional  2  to  6  years 
before  recoating  is  necessary. 

1 . 1  Repair  of  Small  Defects 

Small  defects  in  the  coating  or  foam  should  be  maintained  during 
the  annual  inspection.  This  should  include  isolated  instances  of  breaks 
in  the  coating  attributed  to  cracking,  flaking,  or  spalling,  or  ruptured 
blisters  exposing  the  underlying  foam.  Minor  defects  can  normally  be 
repaired  by  cleaning  all  deteriorated  material,  dust,  and  dirt  from  the 
defective  area  and  sealing  with  a  silicone,  urethane,  or  an  acrylic 
caulking  material  dispensed  from  a  caulking  gun.  The  caulking  material 
should  be  applied  carefully  so  it  extends  beyond  the  defect  onto  the 
surrounding  existing  coating.  Repair  of  small  defects  prevents  them 
from  becoming  major  problem  areas. 

1.2  Repair  of  Slightly  Larger  Areas 

Inspection  of  a  PUF  roofing  system  will  occasionally  detect  small, 
isolated  areas  of  poor-quality  foam,  foam  that  has  been  mechanically 
damaged,  or  foam  that  is  wet.  Such  areas  that  are  about  1  ft2  or  larger 
should  have  the  affected  foam  cut  out  and  removed,  and  the  area  (including 
the  coating)  surrounding  the  cutout  should  be  cleaned,  allowed  to  dry, 
primed  if  necessary  (see  paragraph  2.2),  and  the  foam  replaced  either 


with  two-component  canned  foam  or  PUF  or  other  insulation  board.  When 
the  two-component  canned  foams  are  used,  the  edges  of  the  foam  surround¬ 
ing  the  removed  area  should  be  beveled,  cleaned,  allowed  to  dry,  and 
then  refoamed.  The  void  should  be  filled  about  one-half  to  five-eighths 
full  of  froth  foam  directly  from  the  canned  foam  containers.  Once  the 
canned  foam  has  been  applied,  it  can  be  molded  (paragraph  1.2.1)  or 
sanded  (paragraph  1.2.2)  to  conform  to  the  approximate  shape  of  the 
surrounding  foam.  The  insulation  board  can  also  be  sanded  to  conform  to 
the  surrounding  foam.  The  repaired  foam  should  be  protected  with  35  to 
40  mils  of  the  appropriate  coating  material  or  a  thick  coat  of  silicone, 
urethane,  or  acrylic  caulking  compound  spread  with  a  putty  knife  or 
brush.  This  coating  or  caulk  should  extend  at  least  1  inch  onto  the 
existing  coating  surrounding  the  patched  area. 

1.2.1  Molded  Froth  Foam  Surface.  A  polyethylene-wrapped  piece  of 
plywood  is  placed  over  the  void  and  weighted  immediately  after  the  froth 
foam  has  been  introduced,  and  the  foam  is  allowed  to  expand  against  and 
conform  to  the  flat  surface  of  the  plywood.  The  foam  should  cure  from  1 
to  3  hours  before  coating. 

1.2.2  Sanded  Froth  Foam  Surface.  The  foam  is  allowed  to  rise 
unobstructed,  and  the  surface  is  then  shaped  by  slicing  off  high  areas 
with  a  flat  cutter  and  sanding  flush  with  a  power  disk  sander.  All 
loose  material  should  be  removed  from  the  surface  before  applying  the 
caulking  compound.  The  foam  should  cure  from  1  to  3  hours  before  sanding 
and  coating  are  attempted. 

1.2.3  Insulation  Board.  If  the  roof  deck  is  smooth  rather  than 
irregular,  as  with  some  metal  decks,  a  patch  can  be  made  using  PUF  or 
other  insulation  board  of  the  same  approximate  thickness  as  the  PUF 
roofing  system.  The  insulation  board  should  be  cut  to  the  approximate 
size  of  the  void  in  the  sprayed  PUF,  several  beads  of  caulk  should  be 
placed  on  the  roof  deck  and  around  the  edges  of  the  void,  and  the  insu¬ 
lation  should  be  pressed  into  the  caulking  material.  If  the  insulation 
board  is  thicker  than  the  sprayed  foam  roof,  the  board  surface  can  be 
sanded  flush  using  a  disk  sander.  The  surface  of  the  insulation  board 
should  then  be  sealed  with  a  thick  coat  of  caulking  compound  as  specified 
in  paragraph  1.2. 

2.0  Longer  Term  Preventive  Maintenance 

All  of  the  elastomeric  coating  systems  used  to  protect  PUF  from  the 
weather  must  be  recoated  periodically  to  obtain  maximum  performance  from 
a  PUF  roofing  system.  Thus,  the  overall  condition  of  the  elastomeric 
coating  system  must  be  determined  during  the  annual  inspection.  In  the 
absence  of  an  annual  inspection  and  a  recoating  program  within  the 
proper  time  frame,  generally  6  to  12  years,  the  foam  roofing  system  may 
fail  prematurely. 

If  the  existing  coating  is  weathered  and  shows  signs  of  deterioration 
but  is  mostly  intact  and  well  bonded  (i.e.,  less  than  10%  of  the  coating 
has  spalled),  the  coated  foam  can  usually  be  cleaned  and  recoated  with  a 


A-2 


suitable  elastomeric  coating  system.  Any  flaking  or  spalling  of  the 
coating  is  usually  localized  in  a  few  areas  rather  than  spread  uniformly 
around  the  roof. 


2 . 1  Cleaning 

The  roof  surface  should  be  thoroughly  cleaned,  preferably  with  a 
power  broom  or  manually  with  a  rattan  or  similar  stiff-bristled  push 
broom.  The  brooming  should  be  sufficiently  vigorous  to  remove  all 
chalk,  dirt,  deteriorated  coating,  degraded  foam,  or  other  contamina¬ 
tion.  Following  the  brooming,  all  loose  materials  should  be  removed 
from  the  roof  surface  by  vacuuming  or  blowing  off  with  dry  compressed 
air. 


2.1.1  Washing .  Washing  of  a  weathered  coating  on  a  foam  roof 
should  be  avoided  if  at  all  possible  because  of  the  possibility  of  water 
absorption  by  exposed  foam.  However,  the  silicones  and  certain  acrylic 
elastomers  exhibit  a  tackiness  that  tends  to  retain  dirt  and  other 
contaminants,  requiring  removal  by  washing.  If  this  surface  contamination 
is  not  thoroughly  removed,  the  new  coating  may  exhibit  poor  adhesion  to 
the  existing  weathered  coating.  If  a  thorough  brooming  does  not  remove 
this  tenaciously  held  dirt  and  soil,  the  coating  should  be  scrubbed 
clean  with  a  solution  of  TSP  in  water.  All  of  the  residue  should  then 
be  rinsed  from  the  roof  with  clean  water  and  all  excess  water  removed  by 
vacuuming  or  blowing  off  with  air.  The  roof  surface  should  be  thoroughly 
dry  before  the  recoating  operation  begins.  Prior  to  any  washing  operation, 
the  coating  manufacturer  should  be  contacted  for  specific  recommendations. 

2.2  Priming  Before  Recoating 


Priming  may  or  may  not  be  required  before  recoating.  This  decision 
needs  to  be  made  on  a  case-by-case  basis.  In  instances  where  it  is 
difficult  to  determine  if  all  adhered  dirt  or  chalking  has  been  removed, 
or  if  there  is  some  doubt  about  the  surface  condition  of  the  existing 
coating,  the  surface  should  be  primed  with  a  tiecoat  recommended  by  the 
manufacturer  of  the  new  coating.  If  the  existing  coating  is  in  good 
condition,  clean  with  no  evidence  of  adhered  dirt  or  chalk,  the  surface 
need  not  be  primed  unless  recommended  by  the  manufacturer  of  the  new 
coating . 

2.2.1  Where  small  spots  of  the  coating  not  exceeding  about  10%  of 
the  roof  area  have  spalled,  a  primer  should  be  applied  to  improve  the 
performance  of  the  new  coating  system.  This  is  effective  in  minimizing 
cracking  of  the  new  coating  in  surface  transitions  from  foam  to  coating. 

2 . 3  Repairs 

Any  defects  in  the  coating  or  foam  should  be  corrected  prior  to 
recoating  in  accordance  with  paragraphs  1.1  and  1.2. 


After  the  surface  has  been  properly  cleaned  and  repaired,  it  should 
be  recoated.  The  coating  system  selected  should  be  a  high-quality 
elastomeric  coating  for  foam  and  should  be  applied  in  at  least  two 
coats,  in  a  "cross-hatched"  manner,  to  give  a  minimum  tota 1  dry  film 
thickness  of  30  mils  or  at  the  coverage  recommended  by  the  manufacturer 
for  a  new  foam  surface  if  greater  than  30  mils. 

3.0  Major  Maintenance  and  Repair 


If  deterioration  of  the  existing  PUF  roofing  system  is  more  advanced 
and  more  than  10%  of  the  coating  has  spalled  relatively  uniformly  over 
the  entire  area,  thereby  exposing  the  foam,  it  is  usually  necessary  to 
remove  all  coating  and  deteriorated  foam  until  a  foam  surface  of  good 
quality  is  obtained.  The  types  of  advanced  coating  deterioration  could 
include  flaking  or  spalling,  excessive  blistering,  excessive  pinholing, 
cracking  (due  either  to  normal  coating  deterioration  or  hailstone  damage), 
peeling,  or  extensive  loss  of  adhesion  to  the  foam.  The  cleaned,  exposed 
foam  surface  should  be  thoroughly  inspected  to  be  certain  that  all 
degraded  or  poor-quality  foam  and  coating  have  been  removed  and  that  the 
remaining  foam  contains  no  wet  areas.  Additional  foam  is  then  applied 
and  the  new  foam  surface  coated  with  a  suitable  elastomeric  coating 
system. 

3. 1  Removal  of  Larger  Areas  of  Deteriorated  Foam 

If  a  larger  area  (over  15  ft2)  of  foam  is  badly  degraded,  of  poor 
quality,  mechanically  damaged,  or  wet,  the  foam  in  question  should  be 
removed.  The  edges  of  the  foam  on  the  perimeter  of  the  patch  area 
should  be  beveled  with  a  disk  sander;  the  area  should  be  primed,  if 
necessary,  and  then  refoamed;  and  the  foam  surface  should  be  coated  with 
a  suitable  elastomeric  coating  system.  Refoaming  of  these  larger  areas 
should  be  done  with  regular  foam  spray  equipment  rather  than  the  canned 
froth  foam.  Such  removal  and  refoaming  should  be  done  in  conjunction 
with  the  total  maintenance  of  the  roof  (paragraphs  3.2  to  3.5). 

3.2  Removal  of  Deteriorated  Coating  and  Foam 

If  the  coating  is  sufficiently  friable,  the  removal  of  deteriorated 
coating  and  foam  can  be  achieved  using  a  power  disk  sander.  Some  coatings, 
such  as  the  urethane  elastomers,  retain  a  degree  of  their  original 
toughness  and  abrasion  resistance  even  though  badly  deteriorated.  In 
such  cases,  the  deteriorated  coating  and  foam  must  be  removed  with  a 
modified  power  lawn  mower,  a  built-up  roof  spudding  machine,  or  some 
other  suitable  method  of  mechanical  removal.  Following  removal,  if  the 
foam  surface  is  excessively  rough,  the  surface  must  be  sanded  lightly  to 
provide  a  smoother  substrate  for  application  of  additional  sprayed  PUF. 

3.2.1  Sanded  Foam  Surface.  The  sanded  and  cleaned  foam  surface 
should  not  remain  exposed  overnight  because  it  might  absorb  moisture. 

It  is  preferable  to  leave  the  newly  sprayed  foam  exposed  uncoated  over¬ 
night  rather  than  the  sanded  foam  surface.  Therefore,  only  that  amount 


of  deteriorated  coating/foam  should  be  scarified  that  can  be  cleaned  and 
refoamed  the  same  day.  If  the  sanded  foam  surface  must  remain  exposed 
overnight,  it  must  be  determined  to  be  thoroughly  dry  by  using  a  resistance- 
type  moisture  meter  before  application  of  additional  foam  is  permitted. 

3 . 3  Cleaning  of  Sanded  Foam  Surfaces 

Following  the  sanding  operation  the  sanded  foam  surface  should  be 
thoroughly  cleaned  to  remove  all  dust,  dirt,  or  debris  by  vacuuming  or 
blowing  off  with  dry  compressed  air.  The  cleaned  surface  should  be 
closely  inspected  to  determine  that  no  foreign  matter  remains  that  might 
adversely  affect  the  adhesion  of  the  new  foam  to  the  existing  sanded 
foam  surface. 

3 . 4  Priming  Sanded  Foam  Surface 

Priming  of  the  cleaned,  sanded  foam  surface  before  foaming,  although 
not  absolutely  necessary,  does  enhance  the  adhesion  of  new  to  sanded 
foam.  If  a  prime  coat  is  recommended  by  the  foam  manufacturer,  these 
recommendations  should  be  followed.  This  generally  involves  the  use  of 
a  light  tiecoat. 

3 . 5  Application  of  Additional  Foam 


An  additional  1/2  inch  or  more  of  new  PUF  should  be  sprayed  over 
the  existing  sanded  foam  surface.  The  thickness  of  new  foam  to  be 
applied  is  dependent  on  the  thickness  of  old  (but  acceptable)  foam 
remaining  and  the  required  insulation  thickness.  The  final  foam  thick¬ 
ness  (old  plus  new)  should  be  at  least  1  to  1-1/2  inches. 

3 . 6  Coating  of  Refoamed  Surfaces 


The  newly  foamed  surfaces  should  be  coated  with  a  high-quality 
elastomeric  coating  system  in  the  same  manner  and  coverage  as  that 
recommended  for  a  new  PUF  roofing  system.  The  minimum  recommended 
coating  thickness  is  30  mils  dry,  and  the  coating  should  be  applied  the 
same  day  that  the  foam  is  applied.  If  "same-day  coating"  is  not  possible, 
the  new  foam  should  be  coated  the  following  day  or  within  72  hours  at 
the  very  latest. 

3 . 7  Foaming  Over  Weathered  Coating 

New  foam  can  be  applied  to  a  weathered  coating  of  an  existing  foam 
roof  in  some  cases.  Each  application  must  be  considered  on  an  individual 
basis.  When  considering  applying  new  foam  over  a  weathered  coating, 

(1)  a  specialized  roof  moisture  survey  should  be  conducted  to  establish 
that  the  existing  PUF  roof  is  dry;  (2)  the  existing  PUF  roofing  system 
should  be  thoroughly  inspected  for  roof  defects;  (3)  any  wet  or  degraded 
areas  should  be  removed,  the  affected  areas  allowed  to  dry,  and  the 
removed  areas  refoamed;  (4)  the  weathered  coating  surfaces  should  be 
thoroughly  cleaned  and  primed;  and  (5)  the  new  foam  and  quality  elasto¬ 
meric  coating  should  be  applied.  Additional  foam  should  not  be  applied 
over  an  impermeable  coating  or  over  a  silicone-coated  foam  roof. 


In  the  case  of  advanced  foam  roof  deterioration,  it  may  he 
necessary  to  remove  the  foam  completely  from  the  substrate  in  prepara¬ 
tion  for  reroofing.  Before  the  decision  for  complete  removal  and 
reroofing  is  made,  however,  the  existing  PUF  roof  should  be  thoroughly 
examined  to  determine  the  full  extent  of  deterioration.  It  is  possible 
that  a  sufficient  quantity  of  acceptable-quality  foam  remains  to  make  it 
economically  feasible  to  remove  only  the  degraded  portion  and  refoam  as 
described  in  paragraph  3.7.  If  this  is  the  case,  it  should  be  determined 
that  the  existing  good  foam  is  not  wet  before  a  final  decision  is  made. 
This  assessment  can  best  be  made  with  a  nuclear  moisture  meter  survey  of 
the  roof. 
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Washington.  DC 

NAVSECORl'ACT  Faeil.  Off..  C.alela  Is.  Panama  Canal:  PWO.  Adak  Ak;  PWO.  Fd/ell  Scotland;  PWO. 

Puerto  Rieo:  PWO.  lorri  Sta.  Okinawa 
NAVSECSTA  PWO  -  lingr  Div.  Wash  DO 
NAVSH1PREPFAC  SCT.  Subic  Mav 

NAVSHJPYD  Bremerton.  WA  (Carr  Inlet  Acoustic  Rangel:  Code  154.  Pearl  Harbor.  Ill:  Code  202.4.  l  ong 
Beach  CA;  Code  202.5  (Library)  Puget  Sound.  Bremerton  WA.  (  ode  5S0.  Portsmouth.  VA:  Code  5S2.3. 

Pearl  Harbor.  HI:  Code  400.  Paget  Sound:  Code  440  Portsmouth  Nil:  (  ode  440.  Norlolk:  Code  440.  Puget 
Sound.  Bremerton  WA:  Code  453  (Col  Supr).  Vallejo  CA.  Commander.  Philadelphia.  PA:  I  D.  Vivian; 
Library.  Portsmouth  NIL.  PW  Dept.  Long  Beach.  CA;  PWI)  (Code  420)  Dir  Portsmouth.  VA:  PWI)  (Code 
450-1  ID)  Portsmouth.  VA.  PWD  (Code  453-HD)  SHPO  03.  Portsmouth.  VA;  PWI)  ((  ode  457-1  ID)  Shop 
07.  Portsmouth.  VA:  PWD  (Code  4M>)  Portsmouth.  VA:  PWO.  Bremerton.  W  A:  PWO.  Mare  Is  :  PWO. 

Puget  Sound;  SCT..  Pearl  Harbor  III;  lech  Library.  Vallejo.  CA 
NAVSTA  Adak.  AK;  CO  Roosevelt  Roads  P.R.  Puerto  Rico:  CO.  Brooklyn  NY;  Code  4.  12  Marine  Corps 
Disk  'treasure  Is..  San  Francisco  CA:  Dir  Engr  Div.  PWD.  May  port  IT:  Dir  Mcch  F  tier  37WC‘>3  Norfolk. 
VA:  Lngr  Dir..  Kota  Spain;  Long  Beach.  CA;  Maim  Coni.  Div..  Ciuatttanamo  Bay  Cuba;  PWD 
(l.UCi  P  M  Motolcnich).  Puerto  Rico:  PWD  -  liner  Dept.  Adak.  AK:  PWI)  -  Liter  Div.  Midway  Is  ;  PWO. 
Guantanamo  Bay  Cuba:  PWO.  Kcllavtk  Iceland:  PWO.  Mayport  I  I.;  SCE.  Ouaiii;  SC  I  .  Pearl  Harbor  111. 
SCE.  San  Diego  CA;  SCE.  Subic  Bay.  R  P  ;  Utilities  Liter  Oil  Rota  Spain 
NAVSCBASL  Code  23  (Slovvey)  Bremerton.  WA 
NAVSLPPAC  I  CO.  Naples.  Italy:  PWO  Naples  Italy 
NAVSCPPFAC  PWD  -  Maim  Control  Div.  Lhurmonl.  Mi) 

NAV SCRFWPNCEN  PWO.  White  Oak.  Silver  Spring.  Ml) 

NAVTECHTRACEN  SC  I  Pensacola  II 
NAVTI  I  (  OMMC  OM  C  ode  53.  Washington.  DC 

NAVWPNCT.N  Code  2b3b  China  Lake;  PWO  (Code  2bti)  China  lake.  (A.  ROIC  (  ((  orle  'o2l.  (  Inna  Lake  C  \ 
NAVWPNSIA  (Clebak)  Colts  Neck.  NJ;  Code  IW2.  Colts  Neck  N.I;  Code  0**22.  Concord  CA.  (ode  I  m2  \.  Seal 
Beach.  CA;  Mamt.  Control  Dir  .  York  town  VA 
NAVWPNSI  A  PW  Office  Norktown.  VA 

NAVWPNSIA  PWD  -  Mamt  Control  Div  Concord.  CA  PWD  Supr  Gen  I  net  Seal  Beach  CA.  PWO. 

(  harleston.  S(  .  PWO.  Seal  Beach  (  A 
NAVWPNSl  PPCI  N  (  ode  tin  Crane  IN 
NCBI  41  lx  ()|(  San  Diego.  CA 
N (  I (  (oust  [lee  School.  Port  llneneme.  (  A 

N(  B(  Cork  In  Davisvtlle.  RL  (ode  IT  Port  llneneme  (  A.  (ode  l.ss.  Port  llueiH-me  (  \  (ode  IN*.  Pott 
llneneme.  (  A.  (ode  25 1  I  l  Port  llneneme.  (  A.  (ode  too  (ntllport  Ms  (  ode  4(0  (PW  I  ncinel  (mllpoil. 
MS.  (ode  4‘*0  2.  Oullport.  MS.  Iibr.trv,  Davisvtlle.  RL  SI  I  SA  (oil*.  'V  jp  Wmtetst  Port  I  luciicnic  (  \. 
PWO  ((ode  S0|  Port  llneneme.  CA.  PWO  Davisvtlle  RL  PWO  (mllpoil  MS,  lerltme.il  libtatv  (iiillpoti 


N(  BU  411  OK  .  Norfolk  VA 
NCR  2(1.  Code  R7U.  2(1.  Commandci 

NMCB  4.  SWC  1).  Wellington:  74.  CO.  FIVE.  Operations  Dope  Forty.  CO.  II1RI  I  .  <  )|>ci  , lions  on 
NOAA  (Mr.  Joseph  Vndusl  Rockville.  Ml):  1  ihrary  Rockville.  Ml) 

NORDA  Code  440  (Ocean  Rseli  Off)  Bav  Si  loins  MS 

NR1.  Code  5  St  III  Washington.  DC:  Cotie  S44I  (R  A  Skopi.  Washington  I  )C 

NROTC  J W  Stephenson.  CO.  Berkeley  (  A 

NSC  Code  54  1  Norfolk.  VA 

NSD  SCE.  Suhie  Bav.  R  P. 

NSWSES  Code  0150  Fort  Huenenie.  CA 
NIC  OICC.  CBU-401.  Great  l  akes  II 

NUSC’  DEI  Code  5202  (S.  Sehady )  New  London.  Cl:  Code  LAI25  IRS  Mnnnl.  Nett  I  oiulon  Cl.  Cotle  SB 
351  (Brown).  Newport  RI:  Code  1 A 131  1(1  De  la  Cru/I.  Nett  London  Cl 
OFFICE  SECRETARY  OF  DEFENSE  OASI)  (MRA&I  )  Dir  ol  Energy.  Pentagon.  Washington  IK 
ONR  Central  Regional  Office.  Boston.  MA:  Code  221.  Arlington  VA.  C  ode  ~ool  Arlington  \  A 
PACMISRANFAC  HI  Area  Bkg  Sands.  [>\VC>  Kekaha.  Kauai.  Ill 
PFIIBCB  i  P&E.  San  Diego.  C  A 

PWC  ACE  Office  Norfolk.  VA:  CO.  (Code  10).  Oakland.  CA.  Code  10.  Cireat  l  akes.  II  ,  Code  105  Oakland. 
CA;  Code  110.  Cireat  Lakes.  IE:  Code  110.  Oakland.  CA:  Code  120.  Oakland  CA:  Code  12s.  Guam:  Cotle 
154  (Library),  Cireat  Lakes.  !L:  Code  200.  Cireat  Lakes  !L:  Cotle  200.  (iuani:  Cotle  400.  Cireat  Lakes.  It  : 
Code  400.  Pearl  Harbor.  HI:  Code  400.  San  Diego.  CA:  Code  420.  Cireat  lakes.  II  .  Code  420.  Oakland. 
CA:  Code  424.  Norfolk.  VA:  Code  500  Norfolk.  VA:  Cotle  505A  Oakland.  CA.  Code  000.  Cireat  l  akes.  II 
Code  610.  San  Diego  Ca:  Code  700.  Cireat  Lakes.  II.:  Code  7oo.  San  Diego.  CA:  1.  Williams.  Suhie  Bay. 
RP:  Library.  Code  120C.  San  Diego.  CA:  Library.  Ciuain:  Library.  Norfolk.  VA.  Library.  Pearl  llarhoi.  HI 
Library.  Pensacola.  FL;  Library.  Subic  Bay.  R  P  :  l  ibrary.  Yokosuka  JA:  l  td  Dept  (R  Pascua)  Pearl 
Harbor.  HI;  Utilities  Officer.  Ciuam 
SPCC  PWC)  (Code  120)  Meehanicsburg  PA 
SUPANX  PWC).  Williamsburg  VA 

TV  A  Smclser.  Knoxville.  Penn.;  Solar  Ciroup.  Arnold.  Knoxville.  IN 
UCT  TWO  CMC.  Port  Huenenie  CA 

U  S.  MERCHANT  MARINE  AC  ADEMY  Kings  Point.  NY  (Reprint  Custodian) 

USAF  REGIONAL  HOSPITAL  Fairchild  AFB.  WA 

USAF  SCHOOL  OF  AEROSPACE:  MEDICINE  Hyperbaric  Methane  Do.  Brooks  AFB.  TX 

US  GEOLOGICAL  SURVEY  (Chas  E  Smith )  Minerals  Mgmt  Sert.  Return.  VA 

USCG  Ci-EOE-4  (T  Dowd).  Washington.  DC  :  Ci-MM  T-4  X2  (J  Spencer):  Library  llqs  Washington.  DC 

USC'G  R&D  CENTER  Library  New  London.  C  l 

USDA  Ext  Service  ( T.  Maher)  Washington.  DC;  Forest  Products  l  ab.  Madison  Wl:  Forest  Service  Reg  5  iR 
Brown)  Albuquerque.  NM.  Forest  Service.  Bowers.  Atlanta.  CiA 
IJSNA  Ch  Mech,  Engr  Dept  Annapolis  Ml);  ENGRNG  Div.  PWD,  Annapolis  Ml);  Energy -Environ  Study 
Grp.  Annapolis,  MD;  Environ.  Prot.  R&D  Prog.  (.1  Williams).  Annapolis  MI);  Mech  Engr.  Dept.  (C 
Wu).  Annapolis  MD:  PWC)  Annapolis  MD:  l ’SNA  SYS  ENG  DI  PT  ANNAPOLIS  MD 
USS  FULTON  WPNS  Rep.  Olfr  (W-3)  New  York.  NY 
WATER  &  POWER  RESOURC  ES  SERVICE  (Smoak)  Denver.  CO 
AMERICAN  CONCRETE  INSTITUTE  Detroit  Ml  (Library) 

ARIZONA  Kroelinger  Tcmpc.  AZ:  State  Energy  Programs  OIL.  Phoenix  AZ. 

AUBURN  UNIV  Bldg  Sci  Dept.  Lechner.  Auburn.  Al. 

BERKELEY  PW  Engr  Div.  Harrison.  Berkeley.  (  A 

BONNEVILLE  POWER  ADMIN  Portland  OR  (Energy  Consrv.  OIL.  I)  Davey ) 

CALIF  DEPT  OF  NAVIGATION  &  OC  EAN  DEV  Sacramento.  CA  (G.  Armstrong) 

C  ALIF  MARITIME  AC  ADEMY  Vallejo.  CA  (Library) 

CLARKSON  COLL  OF  TECH  Ci  Batson.  Potsdam  NY 
CONNECTICUT  Office  ol  Police  &  Mgt.  Energy.  Div.  Hartford.  Cl 

CORNELL  UNIVERSITY  Ithaca  NY  (Serials  Dept.  Engr  Lib  I:  Ithaca.  NY  (Civil  &  Environ  l.ngr) 

DAMES  &  MOORE  LIBRARY  LOS  ANGELES.  CA 
DRURY  COLLEGE  Physics  Dept.  Springfield.  MO 
DUKE  UNIV  MEDICAL  CENTER  B  Muga.  Durham  NC 
UNIVERSITY  OF  DELAWARE  (Dr  S  Dexlerl  Lewes.  |)I 

FOREST  INST  FOR  OCEAN  &  MOUNTAIN  C  arson  Citv  NY  (Studies  I  ibrary  I 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  II  I  R  Johnson)  Atlanta.  CiA;  Col  Arch.  Benton.  Atlanta.  CiA 

HARVARD  UNIV.  Dept  of  Architecture.  Dr  Kim.  Cambridge.  MA 

HAWAII  STATE  DEPT  OF  PLAN  &  ICON  DI  V  Honolulu  III  (lech  Into  Ctrl 

IOWA  STATE  UNIVERSITY  Dept.  Arch.  McKrown.  Ames.  IA 

WOODS  HOLE  OCEANOGRAPHIC  INSI  Woods  Hole  MA  (Wmget) 

KEENE  STATE  COLLEGE  Keene  Nil  (Cunningham) 

LEHIGH  UNIVERSI  TY  BI  J  ill  I  III  M.  PA  (MARINE  GEO  1 1  Cl  INK  Al  1  All  RIC  IIAKDSl.  Bethlehem 
PA  (l.indcrman  Lib  No. 3(1.  Flecksteiner) 


Si 


m 


LOUISIANA  DIV  NATURAL  RE  SOI  R(  I  S  A  I  Nl  RGY  Do  ( >1  k\l>.  Baton  Route.  I  \ 

MAINE  MARITIME  AC  ADEMY  (  AS UNI  Ml  (I  IBRAIO  | 

MAINE  OFFIC  E  OF  ENERGY  RESOURCES  Augusta.  MI 
MICHIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton.  Ml  ill.i.iM 
MISSOURI  ENERGY  AGENCY  Jefferson  City  MO 

MIL  Cambridge  MA:  Cambridge  MA  (Rm  10-5(10.  lech  Repotts.  Liter  lit’  I 
MONTANA  ENERGY  OFFICE  Anderson.  Helena.  Ml 
NATURAL  ENERGY  LAB  Library.  Honolulu.  III 
NEW  HAMPSHIRE  Concord  NH  (Governor  s  C  ouncil  on  Energv) 

NEW  MEXICO  SOLAR  ENERGY  INST.  Dr  Zwibel  Las  Cruces  NM 
NY  CITY  COMMUNITY  COLLEGE  BROOKLYN.  NY  (LIBRARY I 
NYS  ENERGY  OFFICE  Library.  Albany  NY 

OAK  RIDGE  NATL  LAB  G.  Courville..  Oak  Ridge.  IN;  I  l  undv.  Oak  Ridge.  IN 
OREGON  SPATE  UNIVERSITY  CORVALLIS.  OR  (CE  DEPT.  HICKS) 

PENNSYLVANIA  STATE  UNIVERSITY  STALE  COLLEGE.  PA  (SNYDI  Rl 
PURDUE  UNIVERSITY  Lafayette.  IN  (CE  Engr.  Lib) 

SAN  DIEGO  STA  LE  UNIV.  I  Noorany  San  Diego.  CA 

SC'RIPPS  INSTITUTE  OF  OCEANOGRAPHY  San  Diego.  CA  (Marina  Phv  Lab.  Spiessi 

SEATTLE  U  Prof  Sehwaegler  Seattle  WA 

SRI  INTL  Phillips.  C'hem  Engr  Lab.  Menlo  Park.  CA 

STATE  UNIV.  OF  NEW  YORK  Buffalo.  NY;  Fort  Schuyler.  NY  (l  ongohardi) 

TEXAS  A&M  UNIVERSITY  W.B.  Ledbetter  College  Station.  LX 

UNIVERSITY  OF  CALIFORNIA  BERKELEY.  CA  (CE  DEPT.  GERWICK);  Berkclev  CA  (1  Pearson l; 
DAVIS.  CA  (CE  DEPT.  TAYLOR);  Energy  Engineer.  Davis  CA;  LIVERMORE.  CA  (LAWRENCE 
LIVERMORE  LAB.  TOKARZ);  UCSF.  Physical  Plant.  San  Francisco.  CA 
UNIVERSITY  OF  DELAWARE  Newark.  DE  (Dept  of  Civil  Engineering.  Chesson) 

UNIVERSILY  OF  FLORIDA  Dept  Arch..  Morgan.  Gainesville.  FI. 

UNIVERSITY  OF  HAWAII  HONOLULU.  HI  "(SCIENCE  AND  TECH  DIV  ) 

UNIVERSITY  OF  ILLINOIS  (Hall)  Urhana.  IL;  Metz  Rel  Rm.  Urbana  II  ;  URBANA.  II  (DAVISSON); 

URBANA.  IL  (LIBRARY);  Urbana  IL  (CE  Dept.  W  Gamble) 

UNIVERSITY  OF  MASSACHUSETLS  (Heronemus).  ME  Dept.  Amherst.  MA 
UNIVERSITY  OF  NEBRASKA-LINCOLN  Lincoln.  NE  (Ross  Ice  Shell  Pro)  ) 

UNIVERSITY  OF  PENNSYLVANIA  PHILADELPHIA.  PA  (SCHOOL  OF  I  NGR  A  APPI.II  D  SCI!  NCI 
ROLL) 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sci  (Librarv).  Port  Arkansas  IX 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  LX  (THOMPSON);  Austin.  IX  (Breen) 

UNIVERSITY  OF  WASHINGTON  Dept  of  Civil  Engr  (Dr.  Mattock).  Seattle  WA;  Seattle  WA  (I  I .mger I 
UNIVERSITY  OF  WISCONSIN  Milwaukee  Wl  (Ctr  of  Great  Lakes  Studies) 

VENTURA  COUNTY  PWA  (Brownie)  Ventura.  CA 
WESTERN  ARCHEOLOGICAL  CENTER  Library.  Tucson  AZ 
ALFRED  A.  YEE  &  ASSOC.  Librarian.  Honolulu.  Ill 
AMETEK  Offshore  Res.  &  Engr  Div 
ARVID  GRANT  OLYMPIA.  WA 
ATLANTIC  RICHFIELD  CO.  DALLAS.  TX  (SMITH) 

BECHTEL  CORP.  SAN  FRANCISCO.  CA  (PHELPS) 

BROWN  &  ROOT  Houston  LX  (D.  Ward) 

COLUMBIA  GULF  TRANSMISSION  CO  HOUSTON.  LX  (ENG  LIB  ) 

CONTINENTAL  OIL  CO  O.  Maxson.  Ponca  City.  OK 
COULTRAP  CONSULTING  SERVICES  Tcmpc.  AZ 
DESIGN  SERVICES  Beck.  Ventura.  CA 
DILLINGHAM  PRECAST  F.  McHale.  Honolulu  III 
DIXIE  DIVING  CENTER  Decatur.  GA 
DRAVO  CORP  Pittsburgh  PA  (Wright) 

DURLACH.  O'NEAL.  JENKINS  &  ASSOC.  Columbia  SC 
EVALUATION  ASSOC  INC  KING  OF  PRUSSIA.  PA  (I  EDI  I  Li 
EXXON  PRODUCTION  RESEARCH  CO  Houston.  LX  (Chao) 

FURGO  INC.  Library.  Houston.  TX 
GARD  INC  Dr  L.  Holmes.  Niles.  IL 

GENERAL  DYNAMICS  Elec  Boat  Div..  Environ  Engr  (II  Wallmun).  Groton  Cl 
GEOTECHNICAL  ENGINEERS  INC  Winchester.  MA  (Paulding) 

GLIDDEN  CO  STRONGSVILLE.  OH  (RS(  II  LIB) 

GOULD  INC  lech  Lib.  Ches  Instru  Div  Glen  Burnic  Ml) 

HALEY  &  ALDRICH.  INC  Cambridge  MA  (Aldrich.  Jr.) 

NUSC  DET  Library.  Newport.  Rl 

KENNETH  TALOR  ASSOC  CORAOPOLIS.  PA  (I  I  HR  ARY) 

LIN  OFFSHORE  ENGRG  P  Chow.  San  Francisco  CA 


V  ,N  % 


>j3 


L1THONIA  LIGHTlNCi  Application  eng,  Dept.  (B  Helton).  Comers.  GA  .111207 
MARATHON  OIL  CO  Houston  TX 

MARINE  CONCRETE  STRUCTURES  INC'.  METAIRIE.  I  A  (INGRAHAM) 

MCDONNEL  AIRCRAFT  CO  (Fayman)  Engrng  Dept  .  St  Louis.  MO 

MEDERMOTT  &  CO.  Divine  Division.  Harvey.  LA 

MOBIL  R  &  D  CORP  Manager.  Offshore  Engineering.  Dallas.  TX 

MOFFATT  &  N1CHOL  ENGINEERS  (R  Palmer)  Long  Beach.  (  A 

MUESER.  RUTLEDGE.  WEN  TWORTH  AND  JOHNS  TON  Neu  York  (Richards) 

NATIONAL  ROOFING  CONTRACTORS  ASSOC.  (LaCosse).  Chicago.  II 
NEWPORT  NEW'S  SHIPBLDG  &  DRYDOCK  CO.  Newport  News  VA  (lech  Lih  I 
PACIFIC  MARINE  TECHNOLOGY  (M.  Wagner)  Duvall.  WA 
PG&E  Library.  San  Francisco.  CA 

PORTLAND  CEMENT  ASSOC.  SKOKIE.  IE  (CORLEY:  SKOKIE..  II  (KLIEGER):  Skokie  II  ( Rseh  A  Dev 
Lab.  Lib.) 

RAYMOND  INTERNATIONAL  INC.  J  Welsh  Soiltech  Dept.  Pennsauken.  NJ 
ROOFING  INDUSTRY  EDUCATIONAL  INST  (Fncklas)  Englewood.  CO 
SANDIA  LABORATORIES  Albuquerque.  NM  (Vortman);  Library  Die  .  Livermore  CA 
SCHUPACK  ASSOC  SO  NORWALK.  CT  (SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEAD  CITY.  NC  (LIBRARY) 

SEATECH  CORP.  MIAMI.  FL  (PERONI) 

SHELL  DEVELOPMEN  T  CO.  Houston  TX  (C  .  Sellars  Jr.) 

SHELL  OIL  CO.  HOUSTON.  TX  (MARSHALL) 

TEXTRON  INC  BUFFALO,  NY  (RESEARC  H  CENTER  LIB.) 

TIDEWATER  CONSTR  CO  Norfolk  VA  (Fowler) 

TILGHMAN  STREET  GAS  PLANT  (Sreas).  Chester.  PA 
UNION  CARBIDE  CORP.  R  J.  Martell  Boton.  MA 

UNITED  TECHNOLOGIES  Windsor  Locks  CT  (Hamilton  Sid  Div  .  Librarv) 

URETHANE  FOAM  CONTRACTS  ASSOCIATION  Davton.  OH 
WARD.  WOLSTENHOLD  ARCHITECTS  Sacramento.  CA 
WESTINGHOUSE  ELECTRIC  CORP  Librarv.  Pittsburgh  PA 
WEYERHAEUSER  CO.  (Fortman)  Tacoma.  WA 
WM  CLAPP  LABS  -  BATTELLE  DUXBURY.  MA  (LIBRARY) 

WOODWARD-CLYDE  CONSULTANTS  (Dr  R  Dominguez).  Houston.  TX:  PLYMOUTH  MEETING  PA 
(CROSS.  Ill) 

BRAHTZ  La  Jolla.  CA 

BULLOCK  La  Canada 

DOBROWOLSKI.  J  A  Altadena.  CA 

ERVIN.  DOUG  Belmont.  CA 

FISHER  San  Diego.  Ca 

GERWICK,  BEN  C.  JR  San  Francisco.  CA 

KETRON.  BOB  Ft  Worth.  TX 

KRUZIC.  T.P.  Silver  Spring.  MD 

LAYTON  Redmond.  WA 

PAULI  Silver  Spring.  MD 

R.F  BESIER  Old  Saybrook  CT 

BROWN  &  CALDWELL  Saunders.  E  M.  Oakland.  CA 

SMITH  Gulfport.  MS 

T.W.  MERMEL  Washington  DC 

WALTZ  Livermore.  CA 


INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of 
the  mailing  label  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving. 

•  Delete  -  mark  off  number  on  bottom  of  label. 

•  Add  -  circle  number  on  list 

•  Remove  my  name  from  all  vour  lists  —  check  box  on  list 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (ATTACH  MAILING  LABEL) 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select 
Fold  on  line  below  and  drop  in  the  mad. 

Note:  Numbers  o».  label  but  not  listed  on  questionnaire  are  for  NCEL  use  only,  please  ignore  them. 


Fold  on  line  and  staple. 
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Commanding  Officer 
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Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  California  93043 


DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  »s  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (including  corrosion 

control,  coatings) 

3  Waterfront  structures  (mamtenance'deter'Oiat'on  control) 

4  Utilities  (including  power  conditioning) 

5  Explosives  safety 

6  Construction  equipment  and  machinery 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (including  numerical  and 

computer  techniques) 

10  Protective  construction  (including  hardened  shelters. 

shock  and  vibration  studies) 

1 1  Soil/rock  mechanics 

13  BEQ 

14  Airfields  and  pavements 

1 3  advanced  base  and  amphibious  facilities 

16  Base  facilities  (including  shelters,  power  generation,  water  supplies) 

17  Expedient  roads/a irfieids/bodges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over  the  Beach  operations  (including  containerization. 

materiel  transfer,  lighterage  and  cranes) 

20  POL  Storage,  transfer  and  distribution 
24  POLAR  ENGINEERING 

24  Same  as  Advanced  Base  and  Amphibious  Facilities, 
except  limited  to  cold  region  environments 


TYPES  OF  DOCUMENTS 

83  Techdau  Sheets  86  Technical  Reports  and  Technical  Notes 

83  Table  of  Contents  &  Index  to  TDS 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems, 

energy  monitor  >ng  and  control  systems) 

J1  Fuel  flexibility  (liquid  fueis.  coal  utilization,  energy 
(tom  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Site  data  and  systems  integration  (energy  n  source  data,  energy 

consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  management 

36  Hazardous/toxic  materials  management 

3  7  Wastewater  management  and  sanitary  engineering 
36  Oil  pollution  removal  and  recovery 

39  Air  pollution 

40  Noise  abatement 

44  OCEAN  ENGINEERING 

45  Seafloor  sods  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

4  7  Undersea  structures  and  materials 

48  Anchors  and  moorings 

49  Undersea  power  systems,  electromechanical  cables. 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  Imcludmg  site  surveying) 

52  Ocean  based  concrete  structures 
*3  Hyperbaric  chambers 

54  Undersea  cable  dynamics 


82  NCLL  Guide  &  Updates 
91  Physical  Security 
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